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PREFACE. 

IK Teorvring to offer to the pnbUc, ad aorc ptrtktthrir !• 
the female tex, an Incro^uctioo to CbemMtry, tbc wibor, Wridf 
a wonum, conceiTet that lome explaoacioo may be rc^vircd . aad 
ahe ferlt it the more nc^e^tary to apologiae lor the ptticM ndcr- 
taking, at her knowledf e of the wbjcct it but recent, amd m ibc 
cao have no real cUioa to the title of chcmiic. 

On auendioff for the fir»t time, eaperioiental Icctarei. the M- 
thor found it almoat impoMible to dcrifv any clear or Mciilactorf 
information from the rapid demonttratiom vhkh arc MaaUy, aaj 
prrhapa oeceisarily crowded into p<^*pnUr counct of tbU bad. Bm 
frequent opportunitiot having aftcrwardt occurred of conYtriing 
with a friend on the tubject of chemistry, and of rcpeatiag a v»- 
ricty of experimentt, the became better acquaiotcd vidi the prio- 
ciplet of that tcience, and began to feci highly intertucd in in por- 
aoit. It wat then that the pcrceiTed* in attending the exccUcne 
lectures delivered at the Royal Institution, by the prcaao: Prolr«- 
aor of Chcmittry, the great advantage which her prtvi«at know* 
ledf[e of the tubject, tlight at it wat, gave her over ochert who 
bad not enjoyed the tame meant of private initmction. Every 
£act or experiment, attracted her attention, and served to dfUa 
some theory to which the was not a total urangcr; and the had 
the gratification to find that the numeroas ao<i eJcgaat iilBarracioMft 
for which that school i§ to much distinguiihcd, selJom lailed lo 
produce on her mind the effect for which they were intended. 

Hence it wat natural to infer, that familiar convcrs&uoo wb% hi 
ttudiet of thitkiod, a most useful auxiliary aoorce of i.'.fcnnatieo / 
and more especially to the female tex, whoae education it iddem 
cala:^ated to prepare their mindt for abttract iJeat, cr scicotific 
language. 

At, however, there are but £ew woaien who h&ve 2c:eu to thic 
mode of instruction; and at the author wat not ac^iaii.ted with 
any book that could prov^a subttituu for it, she thDuyht that it 
might be ubcfui for beginners, at well aj tatisfac:ory to 'mrt'/d^ to 
trace the ttept by which she had acquired her little tcock of chen* 
icai knowledge, and to record io the form cf diaJouge, chote adcaa 
which the had first derived from convertation. 

But to do this with tufficient method, and to fix upon a mode of 
arrangemcot, was an object of tome difficulty. After much hett- 
tation, and a degree of embarrostment, which, probably, the meic 
competent chemical writers have often felt in common with the 
most superficial, a mode of diviuoo wat ai!opted, which, though 
the most natural, doetnct alwayt admit of being strirtiy porso^^ 
— ^it is that of treating first of the timplevt bodiet, ar.d then f^ 
dually risiog to the most intricate compouiidt 

It is not the author's infeotjon to enter into a minuie V^oidfl 
of thispUn, But, whuevcr mzy be its advantages or iT\contt 
CMC0, «6<?««A«/ adopted in thtf work ttfcuch, that *'svj»^^ 
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tr:!icri. f ■ ■ • fj^^r--" •' •-■•v t;- ■ " ": ■r-.r *:-■ a:i^ izf^aesn re- 
pcrit'T* 3= vrrj'd *"■•■• r*" ^^r:i : : •> :ri tl'^'Jl lt£f iiiisd loo 

In \«T:t'rj th'-?r pr^c*. •'-- ?-.'r'-T ttsj r/'ret^za occe clewed 
in hrr proprjee by r!;^ 2j:j''-*"V'"»'-ior. •"'-? *\i':i 'cZt *rten3p£ might 
hf coTT«idcrrd by •orr'*, f:T:.cf a« n-.*'.: :i ?:» ths srdiaarj pnnula 
of hrr <cx, or ill jii'fiJlH I'v her own rcc^r.t and imperfea kcow- 
Icif/e of fhp sTihjret. l'i»% on fh? one hard, sht fcJt encouraged 
ljy the csf iMinhn^fn* of th'*"*? puMic institutions, open tobofth sexes, 
f"r thp jliesrnMintion of phi'-=r;»M:Al kr.owlcdge, which dearl|: 
pTfjvp, fhnt flir jjrnrral pp'-'?'i ro longer cx''.;u<!e8 women fromaa 
:»tf|nnJnfa»T" ivifli the r!em''n^i of Kicncc ; and, on the other, 
/I'ffrfr I }i. r p)f, thsf whiUr the imprcsMons made upon her mind, 
hy fhr wf.r.fliM of Nntnre pfndifd in this new point of Tiew, 
WT*! -Mil frr. fi and <frong. fhe might perhaps succeed th^bcttcr in 
<''»tr»m"fiitntirig ffi f'fhp»-^the •tntimcnts she herself eiperienced. 

!♦ v/i»| } r ,\v r^..,|, fhnf. from the hcginiiing of the work it is 
n»<-n f'-r j»r,r,if1, ili;ir fh'* rrfldcr has previously acquired some 
'li/fh* kno.vW ijf*- ,,f ni«prnl philosophy, a circumstance, indeed^ 
v! "^ - J '^. ,,r, V r / ,Ir ir;imf\ The author's orijir»al intention was 
♦'. --,*-: .•,... sy\^ ,ff,^jy |,y ^ ,ninll tract, explaining, on apian ana- 
.'.'ft'}' 'f. .'. . ,-, ^ j^.,. , ,.,,„„f;^| rudiments of that science. This 
.--^ .^*. -. .,^^ '..ri'<!; Imt the manuscript was ready, and 

r"-'** ." '' " • ■ "» •,' ' •! |.t fiif pd .»t Romc future period, had not an 
'.!7"""'' "' ' '' - "rl'r df^rrlption, under the title of" Scien- 
'■ ' ' • "'/ p'-tpfd OMt to her, which, onarapid. 

■'■•/■/ .»^' f if.'i-i^ sfjf! well calculated toan&wcc 
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CONVERS A.T(ON W i<y 

Q9 Li(bt and Htai, 
I4ght and Hvat capable of being separated. Dr. HerscheVs Expe- 
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account for this Power. Count Rumford's Theory of the Non- 
conducting Power of Fluids. Phenomena of Boiling. Of So- 
lution in general. Solvent Power of Water. Diftcrence be- 
tween Solution and Mixture. Solvent Power of Caloric. Of 
Cloudst Rain, Dew, Evaporation, &c* Influence of Atmos- 
pherical Pressure on Evaporation..' 
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On Speeifie Meaf, Latent Heat^ and Cbtmiial Hitft. 
Of Specific Heat. Of the Different Capacities of Bo4i£S lb|p 
Heat* Specific Heat not Perceptible by the Senses. How to 
be ascertained. Of Latent Heat* The Difference between La^ 
tent and Specific Heatr' Phenomena attending the Melting ^^f 
Ice and the Formation of Vapour. Phenomena attending t|^^ 
Formation of Ice, and the Condensation of Elastic Fluids. ^^^ 
stances of Condensation and consequent Disengagement of H^* 
produced by Mixtures, viz. by the mixture of Sulphuric ^rj 
and Water, by the Mixture of Alcohol and Water i bv ?v 
Slakeing of Lime. General Remarks on Latent He^t/ S^^ 
phnatJon of the Phenomena of Ether boiling, and Wat^r U^' 
mg. at the same Temperature. Caloriaictet, 'NV«.\fe<5^Tc,^^^t«.: 
Remarks. Of Chemical Heat, ^^^^ 
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.• Ti- .- - >«.' V. 6j 

— — ^- ■■ ^'-f «•.-; N'.'Tor«i in the S-sie 

V -■- -■ ■' ;--. :,■ ' ■ 1 ':■■: •.•":#:!! Ca- ar.c Va- 

"^ -■ - v^- — -• "»• v.- .. -.'.A K-:spirar'on. De- 

. ...,r... • • ■'• - ■- ,■..--■ vr ■ -..-n.-i-jt'iuii. Nitrogen Gas 

.«.■ ■ • ■ ' ■'• -. • -...-.. *' ' y ; I' n *• ttrii nt ^neraJ. Of chs 
■ ». * •• •• •'.•-.■. ^... ^•., .-.I , , «.»i«:tj iron) Oxyd of Man- 

,••■■ ;> - * *' • >'•■-•• Si-' ^ .r ct/ilrctio^ and pm«r- 

• ..:•;. ■-— • j: .^. .v.,. tfi ()xy^cn Ga». Fixed 

..^ ..•••.■ .• ». - r*'- lit Lampii. Decom- 

.,!..:». , .»■ v •.~. . ,»».,.. ».; A' .t^.r*-!/,!. Kccompoeition or 

. ^v •-- .-c-. ' jn vr. 8a. 

*•' ; T -ti-'-'r" '♦ -....•-.... .1 A •►« I liv the Combu«tion 

■f I f- .ir ./f i« ii" ■•'■• r»- .—J. .«-«i •!• "I Witrrr. Uctonati^n of 
hl-"1- •;'(«' i>>' }» .:~».^«-' »• -.f 1 fl*<'i4ici <» A|'}'ur3tuft for the 
(■111 ■•,■.•1 ,*( '.'■••■•r ^i ;:»■•{«.»• f:-«i « Mrinidi to the: prOi'uc^ioB 
.f ,'\\t, A>!<>'.-»i I ■••-4 |.<'l«cii liy ihc d»iiihiiNtion of Hy- 
*r- /f 'vc ,v.«*<<ii « /'*^* 1 »>»i. ^'fiitltutriuii ut Candles ex- 
.^i ]• "S 1 i-'i>*ii'i>«n ••f liy '.f '•);.■» (i»« III So.tj* Bubbles* Air 
if.fiif •,•!• ^A-*^-vr »i'»^» ■•< p|'«.i-iiiii« !•• ««\iilK-\l iv» MyOroLeD G<is. 

'iwf ^'•i/y.'<aip MMi/ J'f'^lJ' '§ Hi. 

■>«•.*•#• ■"•i-rtr*/ 'tf Nitl^.l.nr •miMmii aliitii Alcnibic Co^^buSt- 

''.'• '!' ■{■•.^f.-tr >r* Arfi.'i>-{ihi-ii' \ii ni ^iitlitic'jiiuii in ^eceraL 
>»v«^>". -.*"»?* '»f ^h^ '^•l•l•. r'xnliitti.ih i»! .Sulphur in Oxyifcs 
^^«»< V>.-^; '.'1/ '.<i-l« ..iiliilitiiini* iiil. Sulp'*uruted Hvdro- 
f:. ^,4A Httrhw/;tfr. «ir M>ilrii-»ulphi:rateJ Wjters. Phot- 
^r.vr.t H-^*ftry t,l it« l)i<covcry. It » Combustion iu Oxygren 
*>** V:,iAy\'*>Ti*, Ki\'\. l*ho*poru* .^cid- Euvixometer. 

tyrx.Wi.^ivun cf Ph<i>phoru» with Sulphur. Phosphorated H>-- 
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c: si L.me burning under Water 
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91 Vegeikbls Ac:ds. Of iVic povccT ot C^r^^^iV.^ vo t^- 
Jetalu 
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Mrs. B. 

HAVING Dov acquifcil tone ciuncouury ooaooi of 

KaTUKAL PMiUMOFMY, I MO goiug U> {^TO^KMC tO JfOU 

mnoiber branch gf tcieooe u> wbicli I aoi {Nmkiikd|r 
CDxiotts that you tboukl devote a share of your alien- 
tioo. This it CuKMiavMY, which u so clo^y coo* 
aected with Vamiml Philofophy, that the ttudv of the 
€oe must be kicompktte wkhout fomc koowlciige of 
tbe other; for k k obvious that wc cao <lerive but a 
fiery imperfect idea of bodies from the study of tbe 
genenJ kwa by which they are goveroedi if we remaio 
totally ignorant of their intinate nature. 

Camime. To coofeit the truthf Mrs. B. I am noC 
fiapoaed to form a very Civourabie idea of Chemisuy, 
nor do I expect to derive much entertainment Uoax 
it \ j/a^t thoae e cienoea that exhibit nature on a 
grand scale^ to those which are confined to the mi* 
nutix of pettjrdMiia. Can the studies which «« Ux^ 
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lately pursued, the geperal properties of matter, or 
the revolutions of the heavenly bodies, be compared to 
the mixing up of a few insignificant drugs ? 

Mrs. B. I rather imagine that your want of taste 
for chemistry proceeds from the very limited idea you 
entertain of its object. You confine the chemist's lab- 
oratory to the narrow precincts of the apothecary's 
«hop, whilst it is subservient to an immense variety of 
other useful purposes. Besides, my dear, chemistry 
is by no means confiined to works of art. Nature also 
lias her laboratory, which is the universe, and there 
she is incessantly employed in chemical operations. 
You are surprised, Caroline ; but I assure you that the 
most wonderful and the most interesting phenomena 
of nature are almost all of them produced by chemical 
powers. Without entering therefore into the minute 
details of practical chemistry, a woman may obtain 
such a knowledge of the science, as will not only thiow 
an interest on the common occurrencies of life, but will 
enlarge the sphere of her ideas, and render the con- 
templation of Nature a source of delightful instruc- 
tion. 

Caroline^ If this is the case, I have certainly I)ccn 
much mistaken In the notion I had formed of chemistry. 
I own that I thought it was chiefly confined to the 
knowledge and preparation of medicines. 

Mrs. JB, That is only a branch of chemistry, which 
Is called Pharmacy ; and though the study of it is cer- 
tainly of very great importance to the world at large, 
it properly belongs to professional men, and is there- 
fore the last that I should advise you to study. 

Mmily. But did not the chemists formerly employ 
themselves in search of the Philosopher's Sione, or 
the secret of making gold ? 

Mrs. B, These were a particular set' of misguided 
philosophers, who dignified themselves whh the name 
of Alcliymists, to distinguish their pursuits from those 
of the common chemists, whose studies were confined 
to the knowledge of medicines. 

But, since that period, chemistry has undergone so 
complete a revolution, that from ai\ obscure and mys- 



terious art, it is now become a regular and beautiful 
science, to which art is entirely subservient. It is true, 
liowever« that we are indebted to the alchymists for 
many very useful discoveries, which sprung from their 
fruitless attempts to make gold, and which undoubtedly 
have proved of infinitely greater advantage to mankind 
than all their chimerical pursuits. 

The modem chymists, far from directing their am- 
bition to the imitation of one of the least usetul produc- 
tions of inanimate nature, aim at copying aknost all her 
operations, and sometimes ei^cn form combinations! 
the model of which is not to ber found in her OAvn pro- 
ductions. They have little reason to regret their inabil- 
ity to make gold (which is o&en but a folse represen- 
tation of riches,) whilst by their innumerable inventions 
sBd discoveries, they have so greatly stimulated Indus* 
try, and focililatcd labour,^ as piiodigiotisly to increase 
the loxursBS as yreW as the necessaries of life. 

£mily. But I do not understand by what means 
chemistry can facilitate labour ; is not that rather the 
province of the mechanic ? 

Mrs, jB. There are many ways by which labour 
may be rendered more easy, independently of mechan?* 
ics. ; but even the machine the most wonderful in fts 
cilects, the steam engine, cannot be understood with- 
out the assistance of chemistry. In . agriculture, a 
chemical knowledge of the nature of soils, and of veg- 
etation, is highly useful ; and in those arts which re- 
late to the comforts and conveniences of life, it would 
be endless to enumerate the advantages which, result 
from^ the study of this science. 

Caroline, But, pray, tell us more precisely in what 
manner the discoveries of chemists have proved so 
beneficial to society. 

Mrs, B. That would be an unfair anticipation ;. foB 
you would not comprehend the nature of such discov- 
eries and useful applications, so well as you will do 
hereafter. Without a due regard to method, we can- 
not expect to make any progress in chemistry. I wish 
to direct your observation chiefly to the chemical oper- 
ations of Nature j but those of Art are cettakJc^ ^\V3!^ 



high importaHee. to pass unnoticed.' Wie shall there- 
fore allow them also some share of our attention. 

EtnUy, Well then, let us now set to work regularly^ 
I am very anxious to begin. 

Mtb. B, The object of cheitiistry is -to obtain a 
knowledge of the intimate nature of bodies and of their 
mutual action on each other. You find therefove^ Ca- 
roline, that this is no narrow or confined science, which 
comprehends every thing material within our sphere.. 

Caroline. On the contrary, it must be inexhaustible; 
and I am at a loss to conceive how any profictency can 
be made in a science whose objects are so numerous. 

Mr 9. B, If every individual substance was formed 
of different materials, the study of chemistry would in- 
•deed be endless ; but you must observe, that the vari* 
ous bodies in nature are composed of certain elementary 
principlesi which are not very numerous. 

Caroline, Yes ; I know that all bodies are compo- 
tedof fire, air, eaithi and water; I learnt that many 
years ago. 

Mr9. B. But you must now endeavour to forget it. 
I have already informed you what a great change chem- 
istry has undergone since it hds become a regular sci- 
ence. Within these thirty years especially, it has ex- 
perienced an entire revolution, and it is now proved 
that neither fire, air, earth nor water, can be called ele- 
mentary bodies. For an elementary body, is one that 
cannot be decomposed, that is to say, separated into 
other substances ; and fire, air, eaith, and water, are 
all of them susceptible of decomposition. 

Emily. I thought that decomposing a body was di- 
viding it into its minutest parts. And if so, 1 do not 
understand why an elementary substance is not capable 
of being decomposed, as weltas any other. 

Alra. B. You have misconceived the idea of De- 

con I ; it is very different from mere dhinion: 

U^ 'mply reduces a body into parts, but the for- 

f :e8 it into the various ingredients, or mate- 

Kj Ich it is composed. If we were totftke a 

f id, and separate the several ingredients of 

made; the Houri ihe yeasl^ Vli«^\^«xidAh^ 
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wateiv it would be very different fi-om cutting the loaf 
into pieoesy or crumbling it into atoms. 

JBmUif. I understand you now yery well. To do* 
compose a body ia to separate from each other the f»» 
noua elementary substaneea o£ which it eoositta. 

GtrofiMT. But flour, water, and the other materiab 
•f bread, according to your definition, are not elemen« 
tary aubuancea I 

Mtb. B^ No my dear ; I mention bread ratlier as 
m fimdliar comparison to illustrate the idea, than aa an. 
example. 

Tlie elementary substances of which a body is com* 
posed, are called the emmtUwnt paru of that Ixxly ; in 
decomposing it, therefore, we separate its coosiituent 
parte 1^ on the contrary, we diTide a body bv chop- 
ping it to pieceS} or even by grinding or poundmg it to- 
the finest powder, each of these small particles will 
still consist of a portion of the seTcral comdtuent parts 
of the whole body : these we call the integrant parts ; 
do you understand the difference ? 

JSmily. Yes, I think, perfectly. We dccwnftote a 
body into its constituent paits ; and divide it into its hite* 
grans parts. 

Mrs. B. Exactly so. If therefore a body consists- 
of only one kind of substance, though we may Aikie it 
into its integrant parts, it is not posnble to decompose iu 
Such bodies are therefore eallcd dmfUe or etementanf^ 
aa they are the elements of which all other bodies are 
composed.. Compound bot&ea are such as constat of 
more than one of these elementary principles. 

Caroline. But do not fire, air, earth and water, con* 
aist, each of them, but of one kind of substance ? 

Mrs. B. No, my dear ; they are CTcry one of then^ 
susceptible of being separated into various umple bo- 
dies. Instead of four, chemists now reckon upwards 
of f<xty elementary substances. These we shall first 
examine separately, and afterwards consider in their 
combinatioos with each other. ^ 
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Their names are as follow : 

LIOHT9 SILEX, 



CALORIC) 

OXTOENi 

NITROOBKi 

BTDROGENf 

SULPHUR9 

PHOSPHORUSf 

CARBONS, 

(2 AUcake:} 
T0TASH9 

flODAf 

(\0 Ewrtlu.) 

LIME, 
ICAGKESIA9 
STRONTITKSi 
BARTTESy 



ALLUMINEt 

TTTRIA, 

6LUCINA, 

ZIKCONIAi 

AGJUSTINAf 

(25 MetaU,) 

OOLDf 

PLATIKA, 

SILVER, 

MERCURT) 

COBPERf 

IROXf, 

TIN, 

LEADf 



ZINC, 
BiSMUTHi 
ANTIMONTf 
A USE NIC 9 
COBALT, 
MANOANBSB, 
TUNGSTEN, 
MliLTBDNUM, 
VRANIUM, 
TELLURIUM, 
TITANIUM, 
CHROME, 
OSMIUM, 
IRIDIUM, 
PALLADIUM, 
RHODIUM. 



NICKLX, 

Caroline, Thk is indeed a formidable list 1 
Mr: B, Not so much as you imag;!ne ; many of 
the names you are already acquainted with, and the 
others will soon become familiar to you. But, before 
we proceed farther it will be necessary to give you 
some idea of chemical attraction, a power on which the 
whole science depends. 

Chemical Mtractiony or the Attraeticn of Comfiohition^ 
consists in the peculiar tendency which bodies of a dif- 
ferent nature have to unite with each other. It is by 
this force that all the compositions, and decompositions} 
are effected. 

£mily. What is the difference between chemical 

attraction, and the atti-action of cohesion, or of aggre* 

^^^ gation, which you often mentioned to us in former coo* 

^^WKrsations ? 

]( ^L Mr9, B. The attraction of cohesion exists only be- 

/ Sween particles of the uime nature, whether simple or 

' ^pcompound ; thus it unites the particles of a piece of. 

M metal which is a simple substance, and likewise the 

am particles of a loaf of bread which is a compound. The 

^ Aiiractjon of composition, on the contrary unites and 

ntuintains in a ktate nf ifxnaVAnaxVm v^x^c\«<& ^1 %> f|M> 

^omtariMadurc ; it is this ]^w«t VImX VonxA«MXk«& ^^ 
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]PcfliNi| i^ttie copper. If 
longer pereei«e ifae lonae 
present the afipemaoe of n 
mion B conpiettd, aid t2ie 
kdiluced is et^^ioriced. k 
golar chiysoky cf a fine 
tnnH^^reQt. Of these 1 
I have prepared sense cr tl 

Cardme, How vtwr ?va*TiaJ 
fiDrm and tiansparcDCT : 

JEtmfy^ Nothkis cia ba none xifta^ tlsa 
aoqileof chemical 

3£v. B. The term 
duced inio chcimrry aa a 
ityf to which 





faetvecn pinkiek thit arc Sspoaed t» mute ; icj! tb 
Idea is doc obIt imperiecL bu: erraoeccSft as k k gcsne- 
salljr pankfcrfc of the moat «it««i^;5»y oanue, ihj£ have 
the gieaLcsttcndeziCT to ccmbkie. 

Qtrc£at.. Bcskles, there seeaos to be no adtvMa^ 
m Qsng a variefrof tenns to express the sasne tac^ 
lag : on the ooctraiy, h creates confoskai : aixi as we 
are well acqnahKcd wkh the larm cf 
eJ phiioiopcTy vc had oecer adopt k ki 
vhe. 

Mr; B. I: jrcn have a tJksa idea of the meaoirg^ 
I ttia!! Iea.Te foa at Moertf to ezprcsAk in the tenns yea- 
prefer. T^jr mj^M. 1 cimSesct :hst I thiak the vord 
& '/acicn t^ts v^hed to the gere?al bw that lafces the 
MTefi^faRt (AJtaiuea cf bodies v ^isd afinitf better adqxed 
to Chat «M<,h ^^jfK^'Mt% the coDsdtoeBl particks, as h 
rmtfUJimy aa idtzcixkytpttfercace which some bod- 
ka ha^e lr«* 'xhar^ wkkb the term msraetiam cf com/io^ 
^j^% f^A H0 well express^ 

iy> i thkifc ; for chough that preference ma^ 
It f:ctn any reb'JoiMbip or stmilitude, between 
\*fMx ^7kX yM lay waa once suf^MMed), yet, as it 
raii't. u rAkght to be expressed. 
f. /f, Wtllj let it be agreed \i^ y»a mwj ^aa^ 
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the on^inri kmtw A B : \ va 
new comprjoBtU B C tas 

£aBh^, We Ks;^ ItSnnik. 
two DicBd&i vto verc icrn &q||v ji 
ctj, tiQ a ihini 
cne of ibea 

ilfa. ^. Vcrvwi. i 
Ukapbceh 

Let IS 
poond vc kave 
two in) 
this by pgf niif'iic a» ic t imt* if jmk w 
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fireci/iiktttdj that is to say, it wiR veturn to hs separate 
state, and reappear in its^itiipte form. 

In order to produce this effect, I shall dip the blade- 
€»f this kni& into the fluid, and when I takt it out, yoa 
will observe that instead of being wetted with a blaeiirti 
liquid like that contained in the glass, it will be covered 
with a very thin pellicle of copper. 

CaroUne. So ^ is feaUy ! but then is it not the cop* 
per instead of the acid, that has combined wkh the iron 
blade 1 

Mrg. B, 'Soy you are deceived by appearances t 
h b the acid which combines with the iron, and. in sa 
doing deposits the copper on the sur&cc.of the blade. 

Emiiy* But cannot three or more substances coiii- 
Une together, wkhout any of them being precipitated ? 

Mr9. B. That is sometimes the case ; but m gene- 
ral, the stronger affinity destroys the weaker : and it sel- 
dom happens that the attraction of several substances, 
for each other is so equally balanced as to produce sucIl 
complicated compounds. 

It is now time to conclude our cdnversation for this 
morning. But before we part, I must recommend you 
to fix in your memory the names of the simple bodsesi 
against our next interview. 



Conderieratton il 

4 On Ught and Heat, 



Caroline* 



We have learned by heart the names of all the sim- 
ple bodies, which you have enumerated, and we are 
_ now ready to enter on the examination of each of them 
^^||t successively. You will begin I suppose with light I 
7^ Mrs, -fl. That will n©t detain us long : the tvalure of 
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$ght, tndcpciideiit of btat is m impeslecUjr knows* 
that we htre little more than coojeciurea mpeciing k, 

£mily. But b it potaihie to aeparate lightlnmheatx 
I thought that they were only ffiflTerent degreea of the 
aame thing ? 

Mrs. B. Th€j are certainly very imimatelj f nwniji 
ted: yiet it appears they are Jiitinct whtjaarrti aatbey 
can, under certain circmiiHanceat be in a great naea- 
tMire aeparated i the most atiiking inttanoe of tlus waa 
pointed out by Dr. Henchel. 

This philotopher discorered that heat waa lest re- 
frangible than li^t : for in separating the different 
coloured rays of Ught by a prism (as we did some time 
ago), he found that the greatest heat was beyond the 
spectrum, at a little distance from the red rays, which 
you may recollect are the least refrangible. 

Endly, 1 should like to try that experiment. 

JMrn, B, It is by no means an easy one : the heat of 
A ray of Ught, refracted by a prisni» is so small that it 
requires a very delicate thermometer to distinguish the 
difference of the degree of heat within and witimut the 
spectrum^ For in this experiment the heat is not to» 
taUy separated from the light, each coloured ray re* 
taining a certain portion of it, though the greatest 
part is not sufficiently refracted to fall within the spec- 
trum. 

EmUy, I suppose, then, that those coloured raya 
which are the least jrefrangibie, retain the greatest 
quantity of heat ? 

MvB, B. They do so. 

Caroline, Perhaps the different degrees of heat which 
the seven rays possess, may in some unknown manner 
occasion their variety of colour- I have heard that 
melted metals change colour according to the different 
degrees of heat to which they are exposed ; might not 
the colours of the spectrum be produced by a cause of 
the same kind ? Do let us try if we cannot ascertain 
this, Mrs. B. ? 1 should like extremely to make some 
discovery in chemistry. 

Mrs, B, Had we not better learn first what is ak^A&>) 
known ? Surely ^ou cannot serio\x«\y Vsoa^iv^ \^v\^- 



n 

ise joQ lonpe aci^iu^ a single dear idea QD choM^ 
JOB CMi !■»€ any chance of ctiscovenng secrets Umi 
lave cUudfed the poneiration of those who ha^e ^Mnt 
their whole fives io the study of that science. 

CkroSme. Not much, to be sure, in the regular 
course of events ; but a hickj chance somedoies hap* 
pens. Did not a child lead the way to the discovery of 
mesoopcs s 

M^ B, There are certainly a few instances of this 
kind. But believe me, it is infinitely wiser to Ibllow up 
a pursdt regularly, than to trust lo chance for your 




£ambf. Bdt to return loyoor subject Though I no 
longerdoobtthat fight and heat can be separated. Dr. 
Umchel's experiment does not appear to me to afibrd 
snflident proof that they are essentially difierent ; bt 
light, which you call a simple body, may fikewise be 
^vided into the various coloured rays ; is it not there* 
fere possible that heat bm^ only be a modificaliQii of 
fight? 

3A9. B. That is a supposition which, in the pre* 
sent slate of nattiral philosophy, can neither be posi- 
lively affirmed nor denied : it is generally though that 
^ht and heat are connected with each other as cause 
and efiect, but which b the cause, and which the efiect, 
it is extremely difficult to determine. Rut it would be 
nseiess to detain you any longer on this intricate sub> 
jecL Let us now pass on to that of BXAT, with whkh 
we are much better acqmdnted 

Caro^bir. Heat is not, I believe, amongsttfie num- 
ber of the simple bodies ? 

Mrm, B, Ves, it is : but under another name— that 
of cALoxic, which is nothing more than the principle, 
or matter of beat— •We suppose caloric to be a very 
subule fluid, originally derived from the sihi, and com- 
posed of very minute panicles, constantly in agitation, 
and inonng In a manner amilar to fight, as long as they 
meet with noobstacle. But when these rays come in 
contact with the earth and the various bodies belonging 
part of them are reflected from their surfiM:es ac* 
to certain laws, and part enters into thenu 
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It was in order to avoid the confusion \?luch arose 
from thus coirfbiiixKng the cause and efifect, that mod- 
ern chefoists adopted the new word CahriCi to express 
the principle which produces heat; but they do not 
jet fimit the word heat (as they should do) to the ex- 
pression of the sensation, skice they still retain the hab- 
it of connecting this word with the three other modifi- 
cations of caloric. 

Caroline* But you have not yet explained to us what 
these other roocfifications «)f caloric are. 

Mr9. B. Because you are not yet acquainted with the 
properties of free caloric, and you know we have agreed 
to proceed with regularity. - 

One of the most remarkable properties of free calor- 
ic is its power of mutating bodies. This fluid is so ex- 
tremely subtile, that it enters and pervades all bodies 
whatever, forces itself between their particles, and not 
only separates them, bat, by its repulsive power, drives 
them asunder, frequently to a considerable distance 
from each other. It is thus that caloric dilates or ex- 
pands a body so as to make it occupy a greater space 
than it did )>efore. 

Emiiy. The effect of caloric on bodies therefore, is 
directly contrary to that of the atiraction of cohesion ; 
the one draws the particles together, the otiier drives 
them asunder. 

M*«. B. Precisely There is a kind of continual 
warfare between the attraction of aggregation and the 
repulsive power of caloric : * and from the action of 
tliese two opposite forces, result all the various forms 
of matter, or degrees of consistence from the solid 
to the liquid and aeriform state. And accordingly, we 
fifid that most bodies are capable of passing from one 
of these forms to the other, merely in consequence of 
ceiving different quantitits of caloric. 
ne. This is very curious ; but 1 think I under- 
e reaKon of it. if a great quantity of caloric is 
a solid body, it introduces itself between the 
s in such a manner as to overcome in a consid- 
dcgree, the attraction of cohesion ; and the body 
a solid; is tiien converted into a fluid* 
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Mrs. B. Tbk h the case whencrer a bodjr it melt- 
ed ; but if you add caloric to a liqukl, can you tell fpe 
itrhat it the consequence ? 

CaroBne. The caloric ibrcet itself in greater abun- 
dance between the particles of the fluids and drives 
them to tuch a distance from each other^ that their 
attraction of aggregation is wholly destroyed ; the li- 
quid is then transformed into vapour. 

Mr: B. Very well ; and this is precisely the case 
with boiling water, when it is coaverled into steam or 
vapour^ 

fiut each of these various states, soUdf Itquid* and 
aeriform, admit of many different degrees of density, 
or consistence, still arising (partly at leasts from the 
different quantities of calonc the bodies contmo. Solids 
are of various degrees of density, from that of gold, 
to tliat of a thin jelly. Liquids from the consistence of 
melted glue, or meked metals, to that of ether, which 
it the Ughtest of all liquids. The different elastic fluids 
(with which you are not acquainted) admit of no lete 
variety in their degrees of density. 

EmUy. But does not every individual body also ad-^ 
mit of different degrees of consistence, without cbang* 
ing its state ?. 

Mrs, B^ Undoubtedly ; and this I can immediateTy 
show you by a veiy simple experiment. This (ueba 
•f iron now exactly fits the frame or ring, made to re- 
ceive it, but if heated red hot, it will no longer do sOf 
Jbr its dimen^ons will be so much increased by the 
caloric that has penetrated into it, that it will be much 
too large for the frame. 

The iron is now red hot ; by applying it to the frame, 
we shall see bow much it is dilated. 

Endly^ Considerably so indeed I I knew that heat 
had tiiis effect on bodies, but I did not imagine that it 
could be made so conspicuous. 

Mrs. B. By means of this instrument (called a Py- 
rometer) we may estimate, in the most exact m 
tlie vaiious dilations of any solid body by heat, 
body we are now going to submkVo VeSjAy^^XCi 
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iron bar; I fix it to this apparatus, (Plate 1. Fig, \,) 
and then heat it by lighting three lamps beneath it r 
when the bar dilates, it increases in length as well as 
thickness ; and, as one end communicates with this 
wheel-work, whilst the other end is fixed and immove- 
able) no sooner does it begin to dilate than it presses 
against the wheel-work ; and sets in motion the index, 
which points out the degrees of dilation on the dial- 
plate. 

Emilxj, This is indeed a rery cuiious instrument ; 
but I do not understand the use of the wheels ; would 
it not be more simple, and answer the purpose equally 
well, if the bar pressed against the index, and put it in 
motion without the intervention of the Tvheels ? 

Mn. B, The use of the wheels is merely to mul- 
tiply the motion, and therefore render the effect of the 
caloric more obvious : for if the Index moved no more 
than the bar increased in length, its motion would 
scarcely be perceptible i but by means of the wheels it 
moves in a much greater proportion which therefore- 
renders the variations much more conspicuous. 

By submitting different bodies to the test of the py- 
rometer, it is found that they are far from dilating in 
the same proportion. . Different metals expand in dif- 
ferent degrees, and other kinds of solid bodies vary still 
more in this respect. But this different susceptibility 
of dilation is still more remarkable ui fluids than in 
sohd bodies, as I shall show you. I have here two glass 
tubes, terminated at one end by large bulbs. We 
shall fill the bulbs, the one with spirit of wine, the oth- 
er with water. I have coloured both liquids, that the 
effect may be more conspicuous. The spirit of wine, 
you see, dilates merely by the warmth of my hand, as 
I hold the bulb. 

Ernily, It certainly dilates, for I see it is rising into 

PtATE \. 

1. A. A. Bar of metal 125. Lamps burning. B B. 
I work. C. Index. 
,!f^. 2. 1 Ji '. Gks9 tubes with bulbs. B B. Gla&st% of ^a.- 
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the tube. But water, it seems, is not so easily affected 
by the heat ; for no apparent change is produced on it 
by the warmth of the hand. 

Mr a. B, True ; we shall now plung:e the bulbs into 
hot water, f Plate 1. Fig, 2, J. and you will see both li- 
quids rise in the tubes ; but the spirit of wine will begin 
to ascend first 

Caroline. How rapidly it dilates ! Now it has nearly 
reached the top of the tube, though the water has not 
yet began to rise.- 

Emilyi The water now begins to dilate. Are not 
these glass tubes, with liquids rising within them, very 
like thermometers ? 

Mrs, B, A Thermometer is constructed exactly 
on the same principle, and these tubes require only a 
scale to answer the purpose of thermometers : but they 
would be rather awkward in their dimensions. The 
tubes and bulbs of thermometers, though of various 
sizes, are in general much smaller than the^e ; the 
tube too is hermetically closed, and the air excluded 
from it. The fluid most generally used in thermome- 
ters is mercury, commonly called quicksilver, the di- 
lations and contractions of which correspond more 
exactly to the additions, and substractions, of caloric, 
than those of any other fluid. 

Caroline, Yet I have oiten seen coloured spirits oF 
wine used in thermometers. 

Mrs. B. The dilations and contractions of that 
liquid are not quite so uniform as those of mercury i 
but in cases in which it is not requisite to asceilain the 
temperature with great precision, spirit of wine will 
answer the purpose equally well, and indeed in some 
respects better, as the expansion of the latter is great- 
er and therefore more conspicuous. This fluid is used 
likewise in situations and experiments in which mercu- 
ry would be fros^n ; ibr mercury becomes a solid bodyi 
like a piece of lead or any other metal, at a certain de- 
gree of cold : but no degree of cold has ever been known 
to freeze spirits of wine. 

A thermometer therefore consists of a tub^ \i^ "* 
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bulb, such as yoa see here, containing a fluid whoso 
degrees of dilation and contraction are indicated by a 
scale to which the tube is fixed. The degree which 
indicates the boiling point, simply means that, when 
the fluid is sufficiently dilated to rise to this point, ther 
heat is such, that water exposed to the same tempera- 
ture will boil. When on the other hand, the fluid is so 
xnuch. condensed as to sink to the freeing point, we 
know that water will freeze at that temperature. The 
extreme points of the scales are not the same in all 
thermometers, nor are the degrees always divided in 
the same manner. In different countries philosophers 
have chosen to adopt diflerent scales and divisions. The 
two thermometers most used are those of Fahrenheit, 
and of Reaumer ; the first is generally preferred by the. 
English, the latter by the French. 

Endly. The variety of. scales must be very inconvcn* 
lent, and I should think liable to occasion confusion, 
when. French and English experiments are compared. 

Mra^ JB. This inconvenience is but very trifling, be- 
cause the diflerent graduations of the scales do not af- 
fect the principles upon which thermometers are con- 
structed. When we know, for instance, that Fahren- 
heit's scale is divided into 2i2 degrees in which 32^ 
correspond with the free:dng point, and 21?'* with the, 
point of boiling water ; and that Reaumer*s is divided 
only into SO degrees, in which 0^ denotes the freezing- 
point, and 80^ that of boiling water, it is easy to com- 
pare the two scales together, and reduce the one into 
the other. But for greater convenience, thermome- 
ters are sometimes constructed with both these scales^ 
one on either side of the tube ; so that the correspon- 
dence of the different degrees of the two scales, is thus 
instantly seen. Here is one of these scales (Plate II., 
Fig. 3, J by which you can at once perceive that each 
degree of Reaumer's corresponds to 2. 1-4 of Fahren-^ 
heit's division. 

£mly. Are spirits of wine, and mercury^ the only, 
used in the construction of thermometers ? 
«. B, I believe they are the oinVy \\c^\d'& tio^ \t\ 
Uwugh some others, such ?ks Wn^eed q\\> vjov\^\ 
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make tolerable thcmiaineter* ; but fcr csperimcMi in 
which a tery quick and delicMte teat of the cbaogM U 
temperature is required* air themiofiictera are toMC- 
tiracs employed. The bulb, in these, inacead d can- 
taioiog a !iquid» is filled only with cominan air, aad it% 
diiatioDs and cootractiooa arc made acnaible by a aaall 
drop of any coloured fluid, which it auaproded within 
the tube, and movea up and down, accofdingaa the air 
wiihin the bulb and the tube eipanda or cootracta^ But 
air thermomceen, however lenaible to changeaof lem- 
perature, are by do meana accurate in their indicationa. 

£m!lt/, A theriDoroeter, theni indicatea the etact 
quantity of caloric contained either in the atinoapherct 
or in any body with which it b in contact ? 

Mrs. B. No : fint, becauie there are other niodili« 
caUons of caloric which do not affect the thermometer ; 
and, secondly, because the temperature of a body, aa 
indicated by the thermometery la only relative. When 
for instance, the thermometer remaina aUtiooary al 
the fi eezing point, we know that the aimotphert (or 
medium in which it is placed, whatever it nmj he) ia 
as cold as freezing water : and when it stands ai the 
boiling point, we know that this medium is as hot as 
boiling water ; but we do not know the positive quantity 
of heat contained either in freezing or boilinf^ water, 
any more than we know the real extremes of heat biid 
cold ; and consequently, we cannot determine th^t of 
the bod) in which the thermometer ia pbceiL 

Caroline. 1 do not quite understand this explanation. 

-Wr«.^. i^t us compare >a ihermometew to a well, 
in which the water rises to diffei^m heiehts, accordmg 
as It IS more or less supplied by the spring which feeds 

ILUni^ W 'J ^ r^ ^ tm&ShoiLble, it must 
be impossible to know the ahsoUue nwntity of waUr it 
contams; yet we can with uT^^!*^^ me«. 

thrJeii T^' ?^ ^'' '"^^ wate^W risS or ^ ^ 
c£L alS "^l^"^ ^^ <=««eqSi?Sow the pit. 
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make tolerable thermometers; but for experiments irf^ 
M^hich a very quick and delicate test of the changes of '• 
temperature is required, air thermometers are some- 
times employed. The bu1b> in these, instead of con- 
taining, a !iquid». is filled only with common air, and its 
dilations and contractions arc made sensible by a sniall 
drop of any, coloured fluid, which is suspended within 
the tube, and moves up ancl down, accerdtngas the ab 
within the bulb and the tube expands or contracts. But 
air thermometers, however sensible to changes of temt- 
perature, are by.no means accurate in their indications. 

Emily, A thermometer, then, indicates the exact 
quantity of caloric contained either in the atmosphere^ 
or in any body with which it is in contact ? 

Mr4t. B. No : first, because there are other modifi- 
cations of caloric which do not affect the thermometer ;. 
and, secondly, because the temperature of a body, as 
indicated by the thermometer^ is only relative. When 
for instance, the thermometer remains stationary al 
the freezing point, we know that the atmosphere (or 
medium in which it is placed, whatever it may be) is 
as cold as freezing water : and when it stands at the 
boiling point, we know that this medium is as hot as 
boiling water ; but we. do not know the positive quantity, 
of heat contained, either in freezing . or boiling wateiv 
any more than we know the real extremes of heat and - 
cold ; and cunseq^ently, we .oannot determine- that of ' 
the bod) in which the thermometer is placed. 

Caroline^ I do not quite understand^this explanation: 

Mrs. £, Ijti us compare >a thermometer to a well, 
in which the water rises to different lieights, ^according 
as it is more or less supplied by the spring which feeds 
it : if the depth of this well be unfathomable, it must ' 
be impossible to know the absolute quantity pf water it ^ 
contains ; yet we can with the greatest accuracy mfea- 
sure the number of feet the water has- risen or fallen in 
the well at any time, and consequently know the pre-* 
cise quantity of its increase or diminution, without hav- 
ing the least knowledge of the whole quantity of water > 
it contains* 






i..-r rj-.aea 
--^ i- : ; T.: 






. ■ » »! ••• -^ '. •.. . 

» * • V^k • ■ ■ a ■ 






[ 



^1 






TILDLN i^. 
K 



.L-»- 



« 



22 

are of the same temperature give out and receive equal 
quantities, so that no change of temperature is produ- 
ced in them ; but when one body contains more free ca- 
loric than another, the exchange k always in &¥oiur of 
the colder body, until an equilibrium b effected ; tlut 
you found to be the case when the marble table cooled 
your hand, and when it molted the ice. 

CaroUne. This surprises me extremely : I thouRht 
from what you* first said, that the hotter bodies aSooe 
emitted rays of caloric which were absorbed by the cold- 
er, for it seems un£eur that a hot body should receive 
any caloric from a cold one, even though it should re- 
turn a greater quantity. 

Mr^, B.. It may at first appear se< but it is no more 
extraordinary than that a candle should send forth rayi 
of light to the sun, or that a stone in falling should at* 
tract the earth, as you know it does from the law oi. gn» 
vltation. 

CaroUne. Well^ If/trs. B. since you have all natme 
to oppose me, I believe that I must give up the 
point. But I wish I could see these rays of caloriCf 1 
should then have greater faith in them*. 

Mrs, B, Will you give no credit to any sense hot 
tiiat of sight ? You may feel the rays of caloric whick 
you receive from any body ofi a temperature liigfacr 
than your own : the loss of the caloric you part witk 
in return, it is true is not perceptible ; for as you gus 
more than you lose, instead of suffering a diminuSoiv 
you are really making an. acquisition df caloric* Its 
therefore only when you are parting with it to a bodf 
of a lower temperature, that you are sensible of t^ 
sensation of cold, because you. then sustain an absoline 
loss of calorici 

EmUy. Afid in this case we cannot be sensible «f 
the small quantity of heat we receive in exchangee froi» 
the colder body because it serves only to diminish the 
loss. 

Mr9. B, Very well, indeed, Emily. Professor Plc» 
tet of Geneva, has made, some very interesting expe» 
ments to prove that caloric radiates from all bodies, 
whatever, and that these rays may be reflected,^ ac^ 



tsDvding to tlw laws ^ optics in die «me 
Mght. I mth I could repeat thcM experivieMs bo&Wi 
you, Imttho <ttfficulty of procuiiog ininort b fer tho 
]Hirpose putt it out of my power ; you mutt th wefo f 
be satisfied with an account of themt illustrated bf this 
•diagram : (Plau 111. J^g. 4. J— He placed an iron buU 
let, about two inches in diameter, iikI heated to a de* 
greo not suflkient to neader it luminioiis, in the incus of 
a large metalfic mirror. Vhe rays of beat which fell 
•on this mirror were reJBected, agreeable to the property 
of concaTe mirrors, in a parrallel direcdon, so as to fall 
on a similar mirror^ which was placed opposite the firsti 
at a distance of about twelve feet : thence they con- 
verged to the focus of the second mirror, in which the 
bulb of a thermometer was placed, the amsequence of 
vliich was, that the thermometer immedbtely rose sev* 
ral degrees. 

JEmily. But would not the same effect have taken 
place, if the rays of caloric from the heated bullet had 
fallen directly on the thermometer, without the assist* 
ance of mirrors ? 

Mrs, B. The effect wouki in that case have been 
so trifling, at the distance at which the buUet and the 
thermometer were from each other, as would probably 
have rendered it imperceptible The mirrors, you 
knoWf greatly increase the efiect, by collecting a large 
^uanuty of rays into a foous ; but their principal Ube was 
to prove that the calorific emanation was reflected in 
the same manner as light. 

CaroHne, And the restth I think was very coo* 
elusive. 

Mr9, B. The experiment was afcrwatds repeated 
with a wax taper intKead of the bullet^ with a view of 

PCilTC III. 

A 'A. and B B. CoocaTC mirrori 6ied «o utindt. C. heated 
bullet placed in the focun of the mirror A. D The themuMne- 
ter with its bnlb placed jn the focu9 of the mirror B x S .'^ 
Rays of caloric radiating from the bullet and falling onthfti 
ror A. J67B rhenmemystcftfctcd ifomi!tLtTD!Srt^ 

mirror B, p 10 ix ia. The lamc ray% ifsA^citdX^'j >ift xmh 

€o the tb€xmQmetu$ 






Beparating; the light from the caloric. For this |Suf)x)s« 
a transparent plate of glass was interposed between the 
mirrors ; for light you know passes with great &cifitf 
through glass, whilst the transmission of caloric is con- 
siderably impeded -by it. It was found howeveis 
in this experiment, that some of the calorific rays pas- 
sed through the glass together with the light, as the 
thermometer rose a few^degrees -; but as soon as the 
glass was removed, and a free passage left to the calor- 
ic, it rose immediately double the number of degrees. 

Emily, This experiment, as well as that of Dr. 
Herscheli's proves that light and heat may be separa- 
ted ; for in the latter experiment the separation was 
not perfect, any more than in that of Mr. Pictet. 

Caroline, I should like to repeat Mr. Pictet's exper- 
iments, with the difference of substituting a cold bocfy 
instead of a hot one. to see whether cold would not be 
reflected as well as heat. 

Mrs, B That experiment was proposed to Mr* 
Pictet by an incredulous philosopher like yourself, and 
he immediately tried it by substituting a piece of ice in 
the place of the heated bullet. 

Caroline. Well, Mrs. B. and what was the result ? 

Mrs. ti, ^Tbe thermometer fell considerably. 

Caroline, And does not that prove that cold is not 
merely a negative quality, implying simply an inferior 
degree of heat ? The cold must be positive^ since it is 
capable of rcfit;ction. 

Afra, B, So it at first appeared ; but upon a little 
consideration it was found that it afibixled only an addi- 
tional proof of the reflection of heat : this 1 shall endea- 
vour to explain to you. 

We suppose that all bodies whatever radiate caloric % 
the thermometer used in these experiments therefore 
emits calorific rays in the same manner as any other 
substance. When its temperature is in equilibrium 
with that of the surrounding bodies, it receives as much 
jDalonc as it parts with, and no change of temperature 
produced. But when we introduce a body of a low* 
f ^r temperature^ such as a piece of ice^ which parts 
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>ith less calonc thaa It receivesi the consequence is^ 
that its temperature is raised, whilst that of the sur- 
rounding bodies is proportionably lowered; and aS| 
from the e^ect of the mirrors, a more considerable ex- 
change of rays takes place between the ice and the 
thermometer, than between these and any of the sur- 
rounding bodies, the temperature of the thermometer 
must be more lowered than that of any other adjacent 
object. 

Caroline, I do not perfectly understand your expls* 
nation. 

Mrs. B, This experiment is exactly similar to that 
tnade with the heated bullet ^ for, if we consider the 
thermometer as the hot body (which it certainly is in 
comparison to the ice), you may then easily undei*stand 
that it is by the loss of the calorific rays Trhich the ther- 
mometer sends to the ice, and not by any cold rays 
received from it, that th^ fall of the mercury is occa- 
sioned-; for the ice, far from emitting rays of cold) 
sends forth rays of caloric, which diminish the loss sus- 
tained by the thermometer. 

Let us say, for instance, that the radiation of the 
thermometer towards the ice is equal to 20, and that 
of the ice towards the tliermometer to 10 : the exchange 
in favour of the ice Is as 20 is to 10, or the thermome- 
ter absolutely loses 10, whilst "the ice gains \Q. 

Caroline. BCit if the ice actually sends rays of ca- 
loric to the thermometer, must not the latter fall still 
lower when the ice is removed ? 

Mrs. B. No ; for the air which will fill the space 
that the ice occupied, being of the same temperature 
as the thermometer, will emit and receive an equal 
quantity of caloric, so that ho aHeration of temperature 
will be produced. 

Caroline. I must confess that yoU have explained 
this in so satisfectory a ihann^r that I cannot help being 
convinced that cold has no real claim to' the rank of a 
positive being. So now we may proceed to the other 
modifications of ic^oric. 
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Mrs. B. We have not yet concluded our obsena« 
lions on free caloric. But I shall defer, till our next 
meeting, what I have further to aay on this snbjecti 
as I beiieve it will aflford us ample conversation finr 
another interview. 



Continuation of the Subject. 



Mrs. B. 

In our last conversation, we began to examine the 
oonstant tendency of free caloric to restore an equilibii- 
um of temperature. This property, when once well 
imderstood, afifords the explanation of a great varie^ 
of facts which appeared formerly unaccountable. You 
mHst observe, in the first place, that the efifect of this 
tendency is gradually to bring all bodies that are in 
contactt to the same temperature. Thus, the fire 
which bums in the grate, communicates its heat from 
one object to another, till every part of the room has 
an equal proportion of it. 

Etnily And yet this book is not so cold as the table 
on which it lies« though both are at an equal distance 
from the fire, and actually in contact with each other^ 
so that, according to your theoty, they should be exact- 
ly (jf the same temperature I 

yline. And the hearth, which is much nearer the 

the carpet, is certainly the colder of the two. 

if you ascertain the temperature of these 

lies bv a thermometer (which is a much more 

est than your feeling)} you will find that it is 

esame. 




CaroliiU» Bat if they are of the tsiiie t cai p eia tyK; 
Hrhy should the one feel colder than theoiber ? 

Mn. B. The h^rth and the ubie feel colder tkM 
the carpet or the l^nok* because the latter arc not audi 
good amdmctm ff heat as the former. Caloric finds a 
more easy f»ssage throueh inart>le and wood, than 
through leather aixl worsted ; the two tor me r will thera* 
fore absorb heat more rapidly from ^our hand, and co»* 
sequeotly give it a stronger sensation of cold than the 
two Utter» although they are all of them really of the 
same temperature. 

Caro&ne ^^0| theni ibtf sensatioo I firel on touching 
a coM body, is in proportion to tlie rapidity with which 
my hand yields its heat -to that body ? 

Afr9. B, Precisely ; and« if you lay your band suc« 
eessively on every object in the ro(im» you will discover 
which are good, and which are bad conductors of heatf 
by the different degrees of cold you (eel. But in order 
to ascertain this point, it is necessary that the teveral 
BubMances should be of the same temperature^ whldh* 
will not be the case with thoiie that are very near the 
fire, or those that are exposed to a current of cokl air 
fh>m a window or door. 

Emily* fiut what is the reason that some bodies ai# 
hotter conductors of heat than others ? 

Mr9. B. That is a point not well ascertained. It b 
conjectured that a certuiii onion or adherence takes place 
between the caloric and the particles of the body through 
which it passes. If this adiierence be strong, the body 
detains the heat, and pjirts with it slowlv and reluctant- 
]y : if slight, it propogates it freely and rapidly. The 
4X)nduc^ing power of a body is tlierefore, inversely, as 
its tendency (o unite with culnnc. 

EmUy. That is to say, that the best conductors are 
those that have the least affinity lor caloric. 

Mm. B, Yes ; but I object to the term affinity in this 
jcase, because as that word is used to express a chem- 
ical attraction (which can be destroyed only by decom- 
position.) it cannot be applicable to the slight and tran- 
sient union that takes place j^tween free caloric aiad' 
\iifi bodies through which it passes ; ^xi vaA<wi \<\v\0^>i 
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so weak that it coiistantly yields to the tendency ivKich 
caloric has to an eqmlibrium. Now you clearly under- 
stand) that the passage of caloric through bodies that 
are good conductors, is much mote rapid than through 
those that are bad conductors, and that the former lx>th 
give and receive it more qmckly, and therefore, in a 
given ume« more abundantly, than bad conductorSf 
which makes them foci either hotter or colder, though 
they may be in fict, of the same temperature. 

CaroHne, Yes, I understand it now : the table, and 
the book lyinp; upon it, being really of the same tem^- 
peraturc, would each I'eceive in the same space of time, 
the same quaniity of heat from my hand, were their 
conducting powers equal ; but as the table is the best 
conductor of the two, it will absorb the heat from my 
hand more rapidly, and consequently [ffoduce a stronger 
sensation of cold than the book. 

Mrs. B, Very well, my dear; and observe^ like* 
wise, that if you were to heat the table and the book 
an equal number of degrees above the temperature 
of your body, the table which before felt the colder, 
would now feel the hotter of the two ; for as in the first 
case it took the heat more rapidly from your hand, so 
it will now impart heat most rapidly to it. Thus the 
marble table, which seems to us colder than the mahog** 
any one, will prove the hotter of the two to the ice ; for 
if it takes heat more rapidly from our hands, which are 
warmer, it will give out heat more rapidly to the ice, 
which is colder. Do you understand the reason of these 
apparently opposite effects' 

Enuli^, Perfectly. A body that is a good conductor 
of caloric, affords it a free passage ; so that i\ pene- 
trates through that body more rapidly than through 
one which is a bad conductor; and conscquentl]^ if 
it Is colder than your handj you lose more caloric, and 
^^Jtis hotter, you gain more than with a bad conductor 
^^he same temperature. 

fr; Ji, But you must observe that this is the case 

when the conductors are either hotter or colder 

k your hand ; for, if you heat d»(Ferent conductors 

Ml0 temperature of your body, they will aH feel 
MmUy jvarnif since the exchai^^ oi r^^^NkrckV^v^T^^xv 
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bo£es of the Mme tempeiitiire b cqMd. Ko«« 
y^m tefl Hie why Admael cJoChiog, wlHCh b a very had 
conductor of ht»Xf preTcnu our feeling cold ! 

CaroUmej Ic preventt Um cold from twue i iMi og. 

iMirv. B. But you ibrget that cold k ooly a oagadtc 
qoalitf. 

(ktroShe. Tree ; it ooly |N«fciiU the heal of oor 
bodies from escaping so rapidly as it voald otberviwB 
do.- 

Mirs, B. Now you hate explained it riglu : the 
flannel rather keeps In the heatp than keeps out the 
cokL Were the atmospheie of a higher l e mpemtufo 
than our bodies, it would be equally eAcadous in pre- 
serving them of an uniform teroperatoret as it wooU 
prevent the free access of the external heatf by the 
difficulty with which it-conducts it. 

Emily. Thisy I thtnky is very dear. Heat« whether 
external or interaalt cannot easily penetrate flannel; 
therefore in cold weather it keeps as warn ; and If 
the weather was hotter than our bodie% it would keep 
us cool. 

Mr: B^ For the same reason^ ^ass windowsv 
which are very bad conductors of heat, keep a room 
warm in winter and cool in summer, provided the tun 
does not shine upon them. The most dense bodies 
are, generally speaking, the best conductors of heat. 
At the temperature of the atmosphere a |uece of metal 
wiU feel much colder than a piece of wood, and the 
latter than a piece of woollen cloth : thb again will feel 
colder than flannel; anddoVm, which Is one of the 
lighest, is at the ^ same time, one of the warmest 
bodies. 

Caroline. Tlus> is, I ^supposey tho reason that the 
plumage of birds preserves them so effectually from - 
the influence of cold in winter ? 

Afra. B, Yes ; but thdu^h feathers in general are 
an excellent preservative agunst cold, down is a kind 
of plumage peculiar to aquatic birds, and covers theiT 
chest, which is the part exposed to the \fvAtT\ fnt 
though the sur&ce of the water is not of a\owct \)cv^ 
pfMure than the atmosphercj yet, «% U Va *a bft*^l» 
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heat to each other, how does the water becont hat 

throughoat. 

Mra B, By constant agiution. Water at yoo faafs 
seen, expands by heat ro the same manner aa aolid 
bodies; the heated particles of water iherelbre at tho 
bottom of the vessel, become apeciCoilly lighter than 
the rest of the liquid, and consequentlf aaccmt to the 
surface, where« pautmg wuh some of their heiit to the 
colder atmosphere, they are condensed* and ghre waf 
to a fresh succession of heated pArtktes ascendiiif^ 
from the bottom* which having -thrown off their heat 
at the surfacot are in their turn displaced- Thus evcrf 
pardcle is successively heated at the bottom* and cool- 
ed at the surface of the liquid ; but as the fire coaraitt* 
nicates heat more rapidly than the atmosphere cools the 
succession of sur&icef the whole of the liquid in time 
becomes heated. 

Caroline. This- accoums most ingeniously fur the 
propagation of heat upwards* But supprise you wetw 
to heat the upper surfiice of a liquid the particJes being 
specificaJiy lighter than those below, ooukf not des- 
cend : bow therefore would the heat be communicated' 
downwards ? 

Mra, B. Count Rum ford assures us» that if tliere 
was Tio agitation to force the heated surface downward, 
the heat would not descend. In pitx>f of this, he suc- 
ceeded in making tt\e upper surfdce of a vessel of wa- 
ter tx)i\^nd evaporate^ whiUi a cake of ice remained 
froa^n at the bottom. 

Caroiine, That is very extraordinary indeed ! 

Mrs, B,. It appears so, because we are not accus- 
tomed to heat liquors* by their upper surface, but you 
will understand 4his theory better if I shew you the in- 
temdl motion that takes place in liquids when they ex- 
perience a change of temperature^ The motion of the 
liquid itself is indeed invisible from the extreme minute- 
neiis of its particles : but if you mix with it any colour- 
ed dust, or powder, of nearly the same specific gravhy 
as the liquid, you may judgo of the internal moUon^ 
the latter bf that oi the cotourod dust it cODUUia. 



joU' see the small jaece^ of.nambw movillS afawil Vn^M^^^ 
JiquJd ctmuuntdia this pfual. ?H 
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Caroiine, Yes, perfectly. 

Mrs, B. We shall now immerse the pbial in a giiM 
of hot water, and the motion of the liquid will be shcmiii 
bjr that wliich it communicates to the amber. 

Emly, I see two currents, the one rising along the 
sides of the phial, the other descending into the centre |> 
but I do not understand the reason of this. 

Mia, B, The hot water communicates its calorici 
through the medium of the phiid, to the particles of the' 
fluid nearest to the glass ; these dilate and ascend liUe* 
rally to the surface, where, in parUngwitli their healf 
they are condensed, and in descending, form the cen- 
tral current. 

Caroline, This is indeed a very clear and satbfttctorfi 
experiment ; but how much slower the currents now 
move than they did at first ? 

JMra, B, It is because the circulation of particles haS' 
nearly produced ap equilibrium of temperature between 
the liquid in ths^glass and that in the phial. 

Caroline, But these communicate laterally, and I^ 
thought that heat in liqiiids could be propagated oalj; 
upwards ? 

JMra. B, You do not take notice that the heat is im* - 
parted from one liquid, to the other, through the med- 
ium of the phial itself, the external surface of which re- - 
ceives the heat from the water in the glass, whilst its 
internal surface transmits it to the liquid it containsw— «- 
Now take the phial out of the hot water, and observe- 
the effects of its cooling. 

Jimily. The currents - are reversed : the external • 
cun^nt' now descends, and the internal one rises. I 
guess the reason of this change :-— the phial being in ■ 
contact with cold air instead of hot water, the external ^ 
particles are cooled instead of being heated ; they there- - 
for^ descend and force up the central particles, which •• 
being warmer are consequently lighter. 

Mrs, B, It is just so. Count Rumford infers fram 
hence, that no alteration of temperature can take place * 
in a fluid, without an internal motion of its particles^. . 
and as this motion is produced only by the comparative^v 
levity of the heated parucles; heat cannot be propogatedv* 
ilo'tvn wards.. 




This theory explains the reason of tW caU dkac m 
fuuiid to prevail at the bottom of the bkcs in 
land, which are fed by riters isauioK froa tkc 
Alps. The water of these rivers beia^ 
therefisre more dense than thai of the lakes» 
the bottomy where it cannot be •ffec'ed by ibe 
temperature of the surface ; the motioo of the wa 
may communicate this temperature to sonw little cSrpcht 
but it can descend imi fdrtber than the agitauon ez:enife» 

Mmily. But when the atmosphere b colder thao the 
lake, the colder stn&ce of the water will descend for 
the very reason that the warmer «i!! not ? 

Afrs. B, Certainty ; and it is on this acoout thM 
neither a lake nor any body of water whaterer* can k# 
frozen until CTcry panicle of the water has rnen to the 
surface to give off its caloric to the colder atmosphere ; 
therefore the deeper a body of water is, the k»gcr wiB 
be the time it requires to be frosen. 

Emily, But if the temperature of the vbole body of 
Trater is brought down to the freezing point* why is only 
the surface frozen f 

Mrs. B. The teroperatore of the whole body is lov« 
ered, but not to the freezing point. The diminatioo of 
heat as you know, produces a contraction m the bulk 
of fluids, as well as of solids. This effect howcrer does 
not take place in water below the temperature of forty 
fiegrees^ ^vhich is eight degrees abo\e the freesnc 
point. At that temperature, therefore, the inteirnl 
motion, occasioned by the increased specific giavity 
of the condensed particles, ceases ; for when the water 
at the surface no longer condeoces, it will no longer de- 
scend, and leave a fresh surface exposed tathe atmcs- 
phere : tbb surface alone, therefore, will be further 
exposed -to its severity, aiMl will soon be brought dowv 
to the freezing point, when it becomes ice, which being 
a bad conductor of heat^ preserves the water beneath » 
long time from being afifixed by the external cold. 

Caroline. And the sea does not freeze, 1 « 
because its depth is so great, that a frost never lasu 
enough to bring down the temperature ot %\iicYilk 
bcKly of wai^r. toJorty degrees, i , 
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Emily* But the heat which ratifies the air enclosed 
in the water, must rarefy the water at the same time ; 
theretbre, if it could remain station«iry in the water 
when both were cold, 1 do not understand why it should 
not when both ai*e equally heated \ 

Mra. B, Air being much less dense than water, is 
more easily rarefied ; the former therefore expands to 
a greater extent, whilst the latter continues to occupy 
nearly the same space ; for water dilates comparitively 
but very little without changing its state and becoming 
vapour. Now that the water in the flask begins to boil, 
observe what large bubbles rise from tlie botcom of it. 
Emily. I see them perfectly ; but I wonder that 
they have sufficient po^er to force themselves through 
the water. 

Caroline. They must rise, you know, from their spe- 
cific levity. 

Mrs, B You are right, Caroline ; but vapour has 
not in all liquids (when brought to the degree of vapor- 
ization) ihe power of avercoming tlie pressure of the 
leaS heuted surface ; therefore no vapour will ascend 
from them^till the degree of heat which is necessary to 
form it has raached the surface ; that is to say, till the 
'wiioie of the Uquid is brouglit to the boiling point. 
This is the case with all metals, mercury alone excep- 
ted. 

Emily, T have observed that steam, immediately is- 
suing from the spout of a tea-kettle, is less visiUe than 
at a further distance from it ; yet it must be more dense 
ivhen it first evaporates than when it begins to diffuse it- 
lelf in the air. 

Mrs. B, Your objection is a very natural one ; and 
in order to answer it, it will be necessary for me to en- 
ter into some explanation respecting the nature of solu- 
tion. Solution takes place whenever a body is melted 
n a fluid. In this operation the body is reduced to such 
I minute state of division by the fluid, as to become 
invUible in it, and to partake of its fluidity ; but this 
happens without any decomposition! the body being on- 



I7 ^Tided into its integrant particles bj the fluid in 
nf hich it is melted 

CaroSne, Is it then a mode of destrofiag the attrae- 
4100 of aggregation ? 

A^9, B. Undoubtedly. — The two principal solveiit 
fluids are water and calorie Tou may have obserred 
that if you mek salt in water, it totally ^sappears, aad 
the water remains clear and transparent as befiure ; yc^ 
though the union of these two bodies appears so per- 
fect, it is not produced by any chemical comhinaiinn ; 
both the salt and the water remain unchanged ; and if 
you were to separate them by evaporating the latteTi 
you would find the sail in the same state as before. 

Emiiy, I suppose that water is a solvent for solid bo> 
diest and coloric for liquids ? 

Mrt. B, Liquids of course can only be convertecl 
into vapour by caloric. But the solvent power of tlus 
agent is not at all confined to that class of bodies ; a 
great variety of solid substances are dissolved by heat i 
thus metals, which are insoluble in water, can be dis- 
solved by intense heat, being first fused or converted 
into a liquid, and then rarefied into an invisible vapoui^ 
Many other bodies, such as salts, gums, &c. yield to 
cither of these solvents. 

Carolhic. And that, no doubt, is the reason why hot 
water will melt them so much quicker than cold water ? 

Mrs. B. It is so. Caloric may indeed be consider- 
ed as having, in every instance, some share in the solu- 
tion of a body by water, since all water, however loir 
its temperature may be, always contains more or ledi^ 
caloric. ' 

Hmily, Then perhaps water owes it solvent pbw^r 

;ly to the caloric it contains ? 

W. B, That probably would Mt carrying the spct* 

tr)0 far ; I should rather think that water and 

ic unite their efforts to dissolve a body, and that thft 

:ulty or facility of effecting this, depends both oft 

degree of attraction of aggregation to be over- 

>nie, and on the arrangement of the particles which 

M« more or less disposed to be divided and penetrated 

^y the solvent. 
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«Vr«. /?. That is tni€> my dear ; but two bodies 
iDuy, by cundension, occui>y the same space wldck 
ttiie of them tilled before, h is supposed that there 
ttic |x>rcs or iiisierstices, in \vhich the salt lodges, be- 
tween the minute particles of the water- And tfaeie 
si>aces are so sniatl that the body to be dissolTed must 
bo divided into very minute particles in order to be god- 
taiiieil in them ; and it is this state of very great (UviaioD 
that renders them inYisible. 

CartUine, I can try this e!&perinacnc imme<fidtely. 
-^1t is exactly so-^he water in this glass, which I fill- 
ed to tlic brim, is nurlting a considerable quantity of 
:>alt without overflowing. I shall try to add a litHe 
more.— But now, you see<i Mrs. & the water runs 
owr. 

Ah9. B, Yes ; but obsennr that the Lis: quantity of 
salt you put in remains soiid At the bot^>m« and displaces 
the water ; tor it tias already meltetl all the salt it is 
capable of holding in sotutiua. This is called the point: 
of wrurt2m^/< ; ;uui the water is new suid to be MuCstrctt^d 
with salt. 

Emily, Tlus hap^vns* I suppo^, when the inter- 
stices between the parucles of c':ic liv^uiJ are completely 
filled? 

Mrs, B. Probdblr. £u: *h«fse reaurks. ¥OU must 

• « 

OQserre* do not apply to a '.ius:>,ire ; tbr any scbstance 
which does not dissolve^ increases i^ b;j^k of tJhe li- 
quid. 

EmLy. I thinly I now uQjders:ar.d ;he solu'Licn of a 
solid body by water pcrfec'.ly : bu: I ba\e coc so clear 
an idea cf ihe scl'^ Joa of a liquid oy caloric. 

Mm B, it is precis ly of the sarue nature ; but 

a^ cal.^::! is an InwulbLe fiuio. its action as a solvent is 

ncc 30 obvious ja thai ci' water. Calcric ci:>soi\es wuter^ 

^^d cr.riT^r:^ it lato vapour by the same pL*ocess as wa* 

"^^Jpttsrnve- sal: ; that is to say. the particles of water 

iLin>i:eiy divided by the caloric as to become in- 

T.~.^ Vju are noj- enabled to u-^derstand 

e va>>ur of 4jciling water, when it nrst issues 

the \yjiir. of a keiUey is invisible ; it is so* because 

^'^r« zo,-zpit*t\j dissolved by caloric. But the air 
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geilier with iM wUciu |>u«\K-t-i uu-likcMiM i.uiiit( • i«.il 
with the pheitotnt-im ul' laiit, ut (Uvi» i^i . WUvu u 
doud of accrtttiii iciii|M*iaUirc liui>|>ciiii lu \hxrt> ilauiigU 
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Mtb. B. It is because the quantity of caloiic wlncli- 
euiers into the foimation of these fluids is sufficicot to 
Cfvercomc their attraction of cohesion. Ether is of 
this description ; it will bcnl and be converted into ya- 
potiri without any application of heat, if the pressure of 
the atmotphere be taken off. 

EmUy. I thought that ether would evaporate vnth- 
out ehher taking away the pressure of the atmosphere^ 
or applying heat, anid that it was for that reason to- 
necessary to keep it carefully corked up. 

Mr: B. That is true ; but in this case it will evap* 
orate but very slowlv. I am going to show you how 
suddenly the ether m this phial will be converted int9^ 
▼apouTy by means of the air pump — Observe with what 
rapidity the bubbles ascend, as I take off the pressure 
of the atmosphere. 

Caroline, It positively boils : how singular to see a 
liquid boil without heat ! 

Mr9, B. Now I shall place the phial of ethef iir 
this glass, which it nearly iits, so as to leave only a 
small space, which I fill with water : and in this state 
1 put it again under the receiver, f Plate IV Fig. 6j* 
— You will obser\'e, as I exhaust the air from it, that 
whilst the ether boils, the water freezes. ^ 

Caroline, It is indeed wonderful to see water freeze 
by means of a boiling fluid ! 

£ndly. There is another circumstance which I am 
unable to account for. How can the ether change to a 
state of vapour, without an addition of caloric ; for it 
must contain more coloric in a state of vapour, than in 
a state of liquidity ; and though you say that it is the 

• 

* "^^o pieces of thin glass tubes, sealed at one end, might 

de ?Ji ** purpose better. The experiment however, as here 

if ^"^ t ^' " difficult, and requires a very nice apparatus. But 

may h #;.^^ phials, or tubes, two watch-ghuses be used, water 

.^^mif^tc almost instantly in the same manner. The two 

y'^^ULl^^ placed over one another, with' a few drops of water 

r ^K^*^ hetwcen them, and the uppermost glass it filled with 

L fcland ^^^'J^uJg the pump fcr a minute or two, the glasses 

/ J» betw ^** ^^^^^ strongly together^ and a thin Jaycr of ice is 
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pressure of the afmosphere which condensdir it into a 
liquid, it must be^ I suppose, by forcing out part of the 
caloric that belongs to it \iFhenin an aeriform state ? 

Mrs. B. You are right^. Ether^ in a liquid statCf 
does no{ contain a sufiieienlqpiBtity of caloric to become- 
vapour. I have therefore, two difficulties to explain ; 
firsts from whenoe the ether obtains thexaloric neces- 
sary to convert it into vapour when it is believed from 
the pressure of the atmosphere ; and, secondly, what 
is the reason that the water, in which the bottle of ether, 
stands, is frozen ? 

Corcline. Now I think4'can answer both these ques* 
tions. The ether obtaiiii \he addition of caloric requir- 
ed from the water in the glass ; and the loss of caloric, 
which the latter sustains, is the occasion of its freezing. 
' Mrs. B. You are perfectly right; and if you look 
at the thermometer which I have placed in the water, 
whilst I am working the pump, you will see that every 
time bubbles of vapour are produced, the mercury de* 
scends ; which proves that the heat of the water dimin- 
ishes in proportion's the ether boils. 
; Emily, This I understand now very well ; but if the 
water freezes in consequence of yielding its caloric to 
the ether, the equilibrium of heat must in this case, be 
totally destroyed. ' Yet you have told us, that bodies of 
a different temperature are always communicating their 
heat to each other, till it becomes every where equal ;. 
and besides, I do not see why the water, though origi- 
nally of the same temperature as the ether^ gives out 
caloric to it, till the water is frozen and the ether made 
to boil. 

Mrs, B, I suspected that you would make those ob- 
jections ; and in oinder to remove them, 1 enclosed two 
thermometers in the air-pump ; one of which stands in 
the glass of water, the other in the phial of ether ; and 
you may see that the equilibrium of temperature is not 
destroyed ; for as the thermometer descends in the wa- 
ter, that in the either sinks in the same manner ; so that 
both thermometers indicate the same temperature, 
though one of them is in a boiling, the other in a freez- 
ing liquid. 
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f.^'jB^, Tjyt V\jct tUn bccooieft odder ss it 
7 iii« ^( uv 'ygr.^ri^) V/ fJAuvuuu expcncDce, tint I 
Vt^t > M/;vjbcU>»;* n^ exctecinglf. 

Cur'/^A^ ft >^ tfM:e«4. ii niciM extnonfinaiy cvc^ 
^M^A. h^ ynif ^'^w oo mj accoum lor it ; 

Afr$. tis I CMfTxA wtlsfy your curioaity at 
i*,^ ^t^^re we c»r» aounipt to explain tb» appftiii 
w^// j»« »*(A-* )/t4»i»e acrpisJTtied wiib tht Uibftcicf 
t^AfM,»t Hit.kt t mA tiiaa 1 thibk «e must detcx tiiioar 

^ Wf^jtrw,, \ \Aiiit\t Mr ft. B. that you aie glad to pot 
'/# '>, «:;&;/;w«;t^jryii ^ l/(^c it tuu»t be a very cufficuk point 

Xfn. A, J hoj/e h'^wtvcri that I shall doit to jcis 

Aw//'/, liui \ttUAt VIC (/art give me leave to ask« 
y/<« M»«: '{^••xUtnu Would not water, as well as etber^ 
^ittil Mrjth i^.*,% UrMj if tlic prcsbuie of the atiuos|iliero- 

>«^«r4. y/, L'lidr/ithtedly. You must always recoUcGt 
\\tit^ tliMc s»rc two irjnxn to oveiconie, in orcier to nuik^ 
A lj'|iii'i \ma\^ or evatxiratc ; the attraction oi aggieg%h', 
^ihhy iiiid tiie weight oi the atmosphere. On il^ie sunM 
loit of a ni/iiintttin (as iVIr. De Saussure a&certaiued 
*n% Mount Uianc) lens heut is required to make water< 
U'il than in the plum, where the weight of the atinos- 
pheie ift greater. But 1 can show you a veiy pretty ex« 
IHrrinient, which proves the cITect of the pressure ot the> 
atmosphere in this respect. 

Observe, that this Florence flask is about half full of. 
water, and the upper hall' of invisible vapour, the water- 
being in the act of l)oiling.-p-l take it from the lamp and 
cork it caieiully — the water you ste, immediately. 
ceasts boiling. — 1 shall now wrap a cold wet cloth i-ound • 
the upper pait of the flask* 

C ai oUne. But look, Mrs. B. the water begins to boil 

* Or the whole flask may be dipped in a basin of cold water. ■ 
\ order in show how much the watei cools whilst it is boiling, m . 
^^ ^ meter, graduated on the tube itself, may be introduced- io*^ 
^ the boule through a cork. 



agun, althoB^ the wet cloth must rob it more and 
more of its caloric I What can.be the reason of thai ? 

Mirg. B. Let ua examioe itn temperaiure. You lee 
the thennometer immersed in it ra mains stationary at 
180 degraesi which is about 30 decrees below the boil- 
ing point. When* I took the flask from the lamp^ 1 ob- 
s erred to vou that tlie upper part of it was filled whh 
lapoor ; tfala bebg compelled to j^ield its oiluric to tlie 
wet dotht was agan convened into waters- What then 
filled the upper part of the il isk ? 

JSmiljfm Nothing ; for it was too well corked for the 
air to gun admittancei and therefore the upper part of 
the fla& must be a vacuum. 

Mr9. B» If the upper part of the flask be a Tacuuni, 
the water below no longer sustains fhe pressure of the 
atmoapbersi and will boil at a much lower temperature. 
Thusy you see, though it haa lost mamy degrees of 
iMati h began boiling again the instant the vacuum was 
Jbrmed above it. The boiling has now ceased ; if it had 
been etbert instead of water, it would have continued 
boiling 'tdueli longer; but water being a more dense 
flnidy req^uirea a more considerable quantity of caloric to 
ttiaktf It evaporate, even when the pressure of the at- 
moapbero is rentoved. 

JSmify* But if the pressure of the atmosphere keeps 
the particles of ether together, why does it evaporate 
when enoacd to the air ? Nay, does not even water, 
the particles of which adhere so strongly together, slow* 
ly evaporate in the atmosphere ? 

Mrs. B. I have already told you that air has the 
power of keeping a certain quantity of vapour in solu- 
tion at any luiown temperature ; and being constantly 
in a state of motion, and incessantly renewing itself on 
the sur&ce of the liqwd, it skims off, and gradually 
dissolves new quantities of vapour. Water also haa 
the power of absorbing a certain quantity of air, so that 
their action on each other is reciprocal ; the air thus 
enriosed in water is that which you see evaporate in 
bubblea when water is heated previous to its boiling. 
" Mndly, What proportion of vapour can air contain 
in a atatc of soJutbn. 



'.fh . /I, Tin not know whether it has 'jeen exactly' 
:iir>^fair,«n ijr trxvymmenx ; hut at any rate this pni*- 
'jfttiirfii mmt ';ary, 'loth <iccorri]nq tb the tempeiaiuiv 
ifM ft^, '.vrir^hi of 'he dtmoftphere ; fbr the lower tfae 
rmo<*,ri*f tifc- and the .:;reater ^he pressire, the amsD- 
<»r Tiu^ :>e 'he proportion of vapour that air can gob* 
-%ir. In u st;ste of vUution. Bur we havedweirn Itm^ 
on 'Ut: >ijbiec; of fi-e& caloric that we rautf^reserre tfav 
.'tfh^sr moctification* of that fluid ta our next meo' 
-vhea • ve sliaU endeavour to proceed more rapidly. 



CanfienBEstion iv. 

0» Spitdjk Heaty Latent Heatj and Chemical EbatL 
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Ws are new to examine the three other moi 
of caloric. *" 

CaroHne. I am very canons to know of what nodnv 
they can be ; fbr I have no notion, of any kind of Ant 
that is not perceptible :o the senses. 

Mr9. B, In order to enable you to nnderstnd them 
it will be necessary U} enter into some previous espk^ 
nations. 

It has been discovered by modem chemists^ tiiat 
bodies of a ditfeT'ent nature, heated to die same tempe^ 
rature. do net '::ontain :he same quandry of calcric. 

Carzdrte. How could that be aacertaiccd I 

J'/r?. B, Iz WIS found thal^ m order to raiee the 
rampei'^Tiire -^f 'iidcrent bodies the same number of de- 
rr?a-5- ^tfersnt -.uan titles cf caloric were rcqwrcd fijr 

I*; I'ir Instance, yoa pLicc a pctrnd of 
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of chalkf and a pound of milk) in a hoc 
tlicf vin be gradually heated to the temperature 
erf" Uk omM ; but the lead will attain it 6nt, the dolk 
and the nulk last. 

Aa they were all of tlie same weight, ami 
fqtrH ID the atme heat* I should have tlu>ught th;.t 
tktf «€idd have attained the temperature of the oicn 
attfaefluaetiaie. 

Carofiv. And how is it that they do not ? 

Jffira. B, It is supposed to be on account of the cliHc r« 
ent capaddea of these bodies fur caloric ? 

CmSac What do you mean by the ca/.aciry of a 
body fix cibnc I 

J6v. J}. 1 mean a certain disposition of bodies to ad- 
vut more or less caloric between their minute panicles. 
Let OS put as many marbles into this gla^s as it miII con- 
tain* and pour some sind over the in — observe h»w the 
jand penetrates and lodges between them. We shall 
now fiU another glass with pebMcs of various forms 
-^ytniec tttf they unange theul^c^es in a more com- 
pact manner than the marbles, ul.i^h being globular* 
caalonch each olher by a single puint only. The pch- 
htcfr therefiire, will not admit so much sand Ijctwccn 
duna ; and coosequenily one of these glasses will nc- 
cc^Hily oootain more sand tlian the oiher, though both 
of fftem be equally full. 

Cartlme. This I understand perfectly. The mar- 
bles and the pebbles represent two bodies of different 
kinds and the sand the caloric contiuncd in them *. and 
it appears very plun, from this compaiibon« that one 
body may admit of more caloric between its particles 
than another. 

J^, B. If you understand this, you can no longer 
be surpriKd that bodiea of a different capacity for calor- 
ic should require different proportions of that fluid to 
raise their temperatures equally. 

£mUy. But I do not understand why the Ixxly that 
w«tem^ the roost caloric should not be of the highest 
temperature ; that is to say, feel hot in proportion to the 
quantity of caloric it contains ? 
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Mrt. li. The caloric that is employed in filing the 
capacity of a body, is not free caloric : but it u inipri- 
aoiied as it were in the body, and is therefore impercep* 
tible ; fur we can feel only the free radiating calonc 
tvhlch the body parts with, and ndt that which it re- 
ttiiim. 

I'aroline, It appears tome Very extraordinary that 
heat should be confined in a body in stich a manner as 
to tje imperceptible. 

Mra» D. If you lay your hand on a hot body, you 
fee) only the caloric which leaves it, and enters your 
hand ; lor it is iniposaible that you should be sensible 
of that which remains in the body. The thermometer^ 
in the sumo manner^ is affected only by the free caloric 
whlcli a body trunsmits to lU and not at all by that whith 
it does not part with. You see therefore, that the tem« 
periUiirc of bodies can be raised only by free ridiating 
caloric. 

i'aioUnr, I begin to understand it: but I confess 
that the iilea of insensible heat is so new and strange to 
me, that it requires some time to render it ^miliar. 

A/r«. D. Call it insensible caloric, and the difficulty 
will appear much less formidable. It is indeed a sort 
of coiitrudiction to call it heat, when it is so dtuated as 
to be incapable of producing that sensation. 

Jintiiy, Yet is it not this modification of caloric 
which is called specific hfat ? 

Alra. B. It is so ; but it certainly would have been 
more coi rect to have called it specific caloric, 

£nuiy. I do not understand how the term ajiecifie ap- 
plies to this modification of caloric ? 

Afrft, B It expresses the relative quantity of calor- 
ic which diflercnt bodies of the same weight and tem- 
perature are capable of containing. This modification 
is aI<(o frequently called heat of cafiacity^ a term perhaps 
preferable, as it explttins better iis own meanmg. 

You now understand, I suppose, why the milk and 
^■krequired a longer time than the lead to raise their 

^Pature to that cf the o\en ? 
Kf- Yes : the milk and chalk havbg a greater 



trapacity for caloric than the lead, a greater proportion 
'of that '^uid became insensible to those bodies ; and 
the more slowlyj thereforci their temperature wa^ rai- 
8e<l. 

Mtm. B, You are quite right. And could we mea- 
sure the heat communicated by the oven to these three 
bodies, we should find that though they have all ulti- 
mately reached the same temperature, yet they have 
absorbed different quantities of heat according to their 
respective capacities for caloric ; that is to say, the 
milk most, the chalk next, and the lead least. 

Jitntly. But supposing that these three bodies were 
xnade much hotter, would heat coLtinue to become in- 
sensible in them, or is there any point beyond which 
the capacity of bodies for caloric is so completely filled* 
that their heat of temperature can alone be increased ? 

Airs, B, No : there is no such point ; for the capa- 
city of bodies for caloric always increases or diminishes 
in proportion to their temperature ; so that whenever 
a body is exposed" to an elevaUon of temperature, part 
of the caloric it receives is detained in an insensible 
state, in order to fill up its increased capacity. 

Ermty. The more dense a body is, I suppose, the 
less is its capacity for caloric ? 

J^8, B. That is the case with every individual 
body ; its capacity is least when solid, greater when 
melted, and most considerable when converted into va- 
pour But this does not always holdi good with respect 
to bodies of dififerent nature ; iron, for instance, con- 
tains more specific heat than ashes, though it is cer- 
tainly much more dense. This seems to show that 
specific heat does not meiely depend upon the inter- 
stices between the particles ; but, probably, also upon 
some peculiar power of attraction for caloric. The 
Ivord capacity therefore, which is generally used, is 
not perhaps stnctly coiTect ; but until we are better 
acquainted with the nature and cause of specific heat, 
we cannot adopt a more appropriate term. 

Emily, But, Mrs. B. it would appear to me more 
proper to compare bodies by measure^ rather than by 
weighty in order to estimate their si)ecific heal. Why^ 

F 
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for instance, should we not compare fmtta lof bA| Ji| 
chalk and of lead, rather than poundt of those 
CCS ; for equal weights may be composed of Tery dH0| 
ent quapthies ? 

Mra, B. You are mistaken, my dear : equal 
must contain equal quantities of matter ; and whciT 
wish to know What is the relative quantity tif cii^ 
which substances of Tarious kinds are capable of 
taining, under the same temperature, we niiiat 
pare equal weights, and not equal tmlks of thoae 
stances. Bodies of the same weight may un 
be of very different dimensions ; but that doc 
change the real quanUty of matter. A pound of 
era does not contain one atom more than a pooidii 
lead. 

Car^Une. I have another difficulty to propooie.! 
appears to me, that if the temperature of the 
bodies in the -oven did not rise equally, they 
cr reach the same degree; the lead would 
keep its advantage over the chalk, and milk^ and 
perhaps be boiling before the others had attain 
temperature of the oven. I think you might 
say that, in the course of time, you and I «ho^ 
the same age ? 

Mra. B. Your comparison is not correct, ray ^ 
As soon as the lead reached the temperature of .Ad 
oven, it would remain stationary ; for it would then ' 
out as much heat as it would receive. You shoaA 
collect that the exchange of radiating heat, beti 
two bodies of equal temperature, is equal; ii 
be impossible, therefore, for the lead to accumi 
heat afler having attained the temperature of the 
and that of the chalk and milk therefore would ultii 
ly arrive at the same standard. Now I fear that 
will not hold good widi respect to our ages, and 
as long as I live, I shall^ never cease to keep my 
tage over you. 

£mily, I think that I have found a comfiarisoa'^ 
specific heat, which i« very applicable. Suppose ii 
two men of equal weight and bulk, but who requi 
diSerent quantities of food to satisfy their appedtea» 
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Aicn to m doner, both eqiallf liun(;;ry ; ilic one wmM 
ttMwnmr a wch greater quantitjr oif (wtsiiucinft than 
the oiher« m order to be equally iBtiificd 

Mm, B. Y%%t thai ia %er>' fair ; fur the qiianiiijr of 
faod WBOBmutf to ntUfy their retpcctiie uppatkcii 
IB Ike leme manner aa the quantity ol calork 
equally the tcmpemture ol different 

The thermometer, then, aflbnlt no Indication 
heat of bodies ? 




Mre. R. None at all : no more than tatiety » a itU 
if- the ^family of food eaten. The thermometer, aa I 
Unm icseMBolT aaid, can be affected onir by (ret or 




\f aaid, can be affected only by fnse or 
cdoikf which elooe raiaoa the lemptraturo 
cfhodin. 

And b there no method of measuring the 
ifo qiOHMitiea of caloric abtorbcd in the oven by 
the iud^ llM chalki and the milk I 

li may be done by cooling them to (ha 
I hi' an apparatut adii|i(ed to teceive and 
te celoik which they give out. Thun, if yon 
_ Cheni imo three equal c|uantitjca of water, each 
it tlie nme Cemperatui'C, you will be able to jixlgo of 
Ao veladfe quantity of culmic which the three bodica 
'ned| by that, which, in cooling, they communis 
to their respective portions of water; for the 
qtiantity of caloric which they each alMorlxd to 

their tomperaluro, will aljamlon them in kiwcr- 

aig k ; and on examining tho three vc&!*cls of water, 
yoQ will find the one in which you immersed the lead 
to be the Icaet hcnted ; that which containecl the chalk 
win be the next ; and ihut which contuincil the milk 
win be heated the most of all. The celcliratcd Uvoi- 
«er has invented a macliinc to entimute, iJ|)on this prin- 
eiple, tho specific heat of bocHcs in a more perfect 
manner ; b*U I cannot explain il to yon, till yon *»» c uc- 
qusdntcd with the next rooililictviion of coloiic, wluch is 

called latent heat. . , > 

Caro&ne. And pray wlial kiiui of hral is thai f 
JWrt . B. It is so anategoi.s to spcciik heal, thai most 

chemists make no distinction ^c\^YCcn Ihcm •, but Mr. 
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as Lib t*iiy OR r-e, has sc ;->iid'3C«> *ii:zr. 
ToUC \btm^ ikkX I tLink k» tiev ci the sabject 
o'j/rl A::t ^> Jtr/iw it cka:er. Wc ihcrcfw^ cftfi Jsf^tf 
Aas; \ Tt^cat t^a*. v%<5 £rsi mc4 W Dr. Blifk lias por- 
laon of imer^drjSic o>>:ic mhkfa is empiorcd in 
fr*;; toe «r.ju£: cf crjdk:» ; tiat i& lo kt« id 
K.jLd« L*ro ij'^'-i^^ or Ikjidds imo Tipoor. The 
vhi?:i perfsriss thc&e ch»cges beconsrs £xed is tfae 
U9dr vgkh it has trsDfcformed, and. £9 h it prHboiy 
rjsT/jfZt/i il'.'a CK:r scr.be% k has obfiained the mne ii 

Ck/rrSine. 1 ^,L*nk it vocid be moch mare coRvct to 
nil this cx<li5c4idoD fatent caloiie, instead of 
hea.t. taxe h doei not exdie the temaiion of 

/»/r«. B. ll^e reniariL ik cqoalljr applicable to bodr 
the iDOcificaUGDS of spccinc and latent heat : faoi ve 
iBuu TXA presBme (imiesa amongst oorselres in order 
to ezpl&b t:x subject) to alter terms which are stiff 
t3M?d b>- miKh better chemists than ourselves. And, 
befeides^ too must not soppoae that the nature of heat 
is iivtftd bj being Tariousljr modifird : ibr if latent hcal^ 
»ifi specific be^t, do not czche the same sensations aa 
free ciJotic. it is owing to their being in a state of ooo- 
finement, which prerents them from acting npoBoar 
organs ; ard consequentiy, as soon as thejr are extrica- 
ted irom ir.e V>Cy in which they are imprisoned^ tfacf 
re*um to their Ltate of free caloric 

Kvilj. fi::t I do TfOt yet ckarlr see in what respec t 
jiiteiit heat oliTe rs from specific heat ; for they are both 
cf them 2niX;:i-cn-Ci and concealed in bodies? 




whi^i this 

jf^B^ch iai employed or.iy in effecting a change of 
/ '^P' ^^ "' convciting bcjdics from a solid to a 
/ U V fiom a liquid to an aeriform state. But i think 

I Va general point of view, both these modifica- 
ght be coroprehended under the name of ktot* 
ty* as in both cases the caloric is equally enga- 
. dlling the capacities cf bodies. 
iuU ix>w show you an experiment which I hope ' 
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^ tH give you a clear idea oi what is understood by latent 
heat. 

The snow which you see in this phiali has heen cool- 
ed by a certain chemical means (wHdi I cannot well ^ 
explain to you at present), to 5 degrees below the freez- 
ing point, as you will find indicated by the thermometer^ 
which is placed in it. We shaH expose it to the heat 
of a lamp, and you will see the thermometer-gradually 
mOf till it reaches the freezing p(Hnt 

Emily, But there= the thermometer stopsf Mhi. B.*- 
and yet the lamp bums just as^ell as before. Why is 
not its heat communicated to the thermometer ? 

CdroUne.- And the snow begins to melt, therefore It 
xnust be rising above the freezmg point ? 

Mra. B,' The heat no longer aflects Che thcrmome- 
ter, because it is wholly employed in converting the ice 
into water. As the ice melts, the caloric becomes 
iatent in the new formed liquid, and therefore cannot 
raise its temperature ; and the thermometer will con- 
sequently remain stationary, till the whole of the ice be 
melted. 

Caroline, Now it is all melted, and the thermometer 
1>egins to rise again. 

Mfa, B, Because the conversion of the ice into 
^vater being completed, the caloric no longer bec6mcs 
latent ; and thci*efore the heat which the water now 
receives raises its temperature, as you find the ther- 
mometer indicates* 

Emily, But I do not think that the thermometer 
rises so quickly* in the water, as it did in the ice, pre- 
vious to its beginning to melt, though the lump bums 
equally well ? 

Mra, B. That is owing to tbb^ ^IKirent specific heat 
of ice and water. The capacity of water for caloric 
being greater than that of ice, more heat is required 
to raise its temperature, and therefore the thermbmeter 
rises shiwer in the water than in ice. 
* Emily. True ; you said that a solid body alvva}^^ in- 
creased its capacity for heat by becoming fluid ; and this 
is an instance of it. 
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Mr%. B. But be careful not to ccoibuiid thb villi 

latent heat. 

Mnubf. On the contrary, I think that this^sample 
^stinguUhes them extremely well ;. for though tfaey 
both go into an inaenable state, yet they di&r id this 
respect, that the specific heat fills the capadty of the 
body in the state in which it exists, while latent heat 
changes that state, and b afterwards employed iq main? 
tuning the body in its new form. 

Caroline. Now, Mrs. B. the water begins to boil, and 
the thermometer is again sutiooary. 

Mra^ B. Well, Caroline, it is your turn to explaia 
the phenomenon. 

Caroline. It b wonderfully curious. The caloric is 
DOW busy in changing the water into steam, in which 
it hides itself and becomes insensible. This is- another 
example of latent heat, producing a change of form. 
At first it converted a solid body into a Uquid, and now 
it turns the liquid into vapour 1 

Mrs. B. You see, my dear, how eauly you have 
become acquainted with these modifications oi insensir 
ble heat, which at first appeared so uointelligible. 
If, now, we were to reverse these changes, and coor 
dense the vapour into water, and the water into ice, 
the latent heat would re- appear entirely, in the form of 
free caloric. 

Endly. Pray do let us see the effect of latent heat 
returning to its natural form. 

^ Mr9. B. For the purpose of shewing this, we need 
simply conduct the vapour through thb tube into this 
iressel of cold water, where it will part with its latent 
beat and return to its liquid form. 

4. How rapidly the steam heats the water ! 

^ 7. That is because it does not merely impart 

Jf iloric to the water, but likewise its latent heat. 

hod of heating liquids has been turned to ad- 

in several economical establibhments. A( 

r instance, there is a large dye-house, in wiiich 

.umber of coppers are kept boiling by means of 

one, which is situated without the buildingi 

^h alone is heated by &re. TVie %\»«n!L^\ ^^[^ 
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tkal is uwwfwl throogh pipes into the bottom of eoch 
of llio other ooppen, aod it appean extremely tingiilar 
to toe al thow coppen boiling, though there ie not a 
jwticlo of iae io the place. 

Thift it an admimblo contrivaiicet and I 




Mm..B^ Tho aieam kitchenty which are getting 
general uot are upon the ume principle, 
b conveyed through a pipe in a aimilar 
the Taaaela which conim the provisions 
to bedraaaedt where it commnnicates to them ks latent 
caloric» lad vetoms to the ktate of water. Count Rum- 
fixd makes great use of xhU principle in many of hia 
■fiee^plncee s fatt great maxim is to avoid all unnecessary 
waalu of caloriCf for which purpose he confines the 
IwieiDmcha manner, that not a particle of it shall un« 
neccaaafUy eacape ; and while he economises the free 
caloric* hntakea care also to turn the latent heat to ad- 
^rattage. Jt is thus that he is enabled to produce a dc- 
giee of heacauperior to that which is obcained in corn- 
mon fire-place Sj though he emplojs but half the qtkm- 
tiiyof IneL 

MmmtjfA When the advantages cf such contrivances 
am ao dear and ptain, I cannot understand why they 
areant naisenaUy nsed. 

Ah'B. B, A long time is always required before in* 
uu s mk i Bs , ■ Innr o v er useful, can be reconciled with the 
piejndicca of the vulgur. 

Aay^* What a pity- it is that there should be a pre* 
jodioo agUBM new inventions-; how much more rapid- 
ly the wwrld vmnld improve, iit such useful discoveries 
were Immediately, and universally adapted I 

Mw9, B, I believe, my dear, that there are as many 
■Mekiea attempted to be introduced, the adoption of 
.which woidd he prejudicial to societies, as there are of 
thoae which woold be lieneiicial to it The well inform- 
ed though by no means exempt from error, have an 
vnqnesiiionaUe sdvantage over the iUherate, in judg^^ 
what is fifcely or not toprove serviceal>le ; and therefor- 
we find the former more ready to ado^ «ac\i ^sao 

ID be really adTanta{|eoiK^x!iu& ^ 
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itTj who having no other teat of the valne^f m 
but tiine uid expenencey at fint cppoie its ii 
tion. The well in&Miiied are» howcfer, ii te quw i l yi 
appointed in their most sapguJnecaBpectaiiDMy mm 
prejudicefi of the Yulgar dMiiig;h tbef often 
pirogress of knowledge, fet aoiiietunc% it wtfcgi 
xnitted, prevent the propagMieo of cif«>— BstMur ^ 
deviating fromoiir subject. We haTO ooir 
in^ water, and are now tt> chwgO' wafeer inlo ioe# 
der to render the latent heat leniblef as it 
from the water on iia brmming golii. Fortius 
we must produce a degree of -oold thafwU 
freeze. 

Caroline. That must be Terj dii&cuk ta 
la this warm room. 

Mrs* B. Not to much so as joa think, 
certain chemical mixtures which produce a rapid 
from the solid to the fluid state, or the reverae* m 
substances combined, in consequence of which 
latent heat is either extxicated or absorbed. 

Emily ^ I do not quite understand you. 

Mrs* B. This snow and salt, which ysQQ 
mix together, are meltbg rapidly ; heat, 
ixuist be absorbed byihe mixture, . and cold pmrtncsA 

Caroline, . It feels even colder than ice, and- ywl 
snow is melted. This is very extraordinary. 

Mr«. . B, The cause of the intense cold of the 
lure is to be. attributed to the change from a aofid 
lluid state. The union of the snow and salt 
new arrangement of their particles^ an coDseqqsaMil 
which Ihey become liquid, and the quanUty of .t 
required to effect this change is seized upon by ..the 
tuxe wherenrer it can be obtained. This eagei 
the mixture^for caloric, during its liquefiEU^tiony is 
tliat it converts part of its own free caloric into-] 
heat, and it is thus that its temperature is lowcved. 

Ermbj. Whatever you put intathis mixture 
fore, would {i*eeze« ? 

Mrs, B. Yes ; at least any fluid that is succeplik 
of freezing .at tha^ temperature ; for the exchange 
radient he^ would always be in &vour of the cold nA 
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£rrdly. And can you show us any experitnentt in 
which liquids, by being inixedi become solid^ and disen- 
gage latent heat ?' 

Mrs. B. I could show you several ; but you are not' 
yet sufficiently advanced to understand them well. I 
shall, however, try one which will afiS>rd you a striking^ 
instance of the fact. The fiuid whioh you see in this 
phial consists of a quantity of a certMn scJt called muriat 
^flimcy dissolved in watei% Now if I pour into it a fcw^ 
drops of this other fluid, called w^Jnmc acidj the whole 
or very nearly the whole, will be instantaneously con- 
verted into a solid mass. 

£mily. How white it turns !• I- feel the latent heat 
escaping, for the bottle is warm, and the fliiid is chan- 
ged to a soUd white substance like chalk I 

Caroline, This is indeed the most curious experi*- 
meht we have seen yet. But pray what is that white 
vapour that ascends n^m the mixture ? 

Mrsi B, You are not yet enough of a chemist to 
understand that. But, take care, Caroltne do notap- 
proacdi too near it, for it smells extfemely strong. 

The mixture of spirit of wine and water ujjhsdm 
another striking example of the extrication of latent 
heat. The peinides of' these liquids, by peoetratiiig. 
each other, change their arrangement, so as to become 
more dense, and (if I may use the expression), lcm> 
fluid, in consequence of which they part with a quan^ 
ty of latent heat. 

Sulphuric acid and vrater produce the same efiRsctf- 
and even in a much greater degree. We shall try both- 
these experiments, and you will feel how much heat 
which was in a latent state, is set at liberty.— -Now eacb- 
of you take hold of one of these glasses^— — 

Caroline, I cannot hold mine ; Lam sure it is as hot 
as boiling water. 

Mrs. B. Your glass, which contains the sulphuric 
acid andiwater, is indeed, of as high a temperature as. 
boiling water ; but you do not find yours so hot Emily I' 

Emily, Not quite. But why are not these liquids* 
converted into solids by the extrication of their: lateint. 
heat? 
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of Which the heat, whkh kept h m a Squid states ia 
disengaged and escapes into a sensible form. 

CaroUnc. I always thought that the heat originated 
in the lime. It seems very strange that water, and 
cold water too« should contain so much heat 

iuio/y. After thb extrication of caloric, the water 
must exist in a sute of ice in the lime, since it paita 
idtb the heat which kept it liquid ? 

Afrt B. It cannot properij be caDcd ice, since ice 
implies a degree of cfM% at least equal to the fieeang 
pcttni. Vet as wate^, in combining with lime, giies 
out more heat than in freezing, it must be in a state of 
stin g:reatcr soiidity in the lime, than it is in the fimn 
of ice ; diKl you may have obserred that it does not 
moisten oi liquefy the Ume in the smallest degree. 

Emily. But. >[rs. B the smoke that rises is whiter 
if it was only pure caloric which escaped, we might 
ieeK but could not see it. 

.i r«. B, This while vapour is formed by some of 
the panicles oi lime« in a stdie of fine dust, which are 
carried off by the calcric. 

£sdJ^. In all changes c^ scue« then, a body ckher 
absocbs or diseci^ages Latent heat i 

J/<n. F. Yu: cacijci ex^cily sat a^tcri^t Izxaxt heatf 
2s the beat beroir.es btcct only on being ocskficed in 
the body : t:;n ycu nuy say that bocfics. in pasung froni 
a solid to a laq'jiw &nn, cr from the fiqcid state id that 
cf T&pccr. absc^Tbs hea: ; ard Lhit when the leierse 
takes p-U.ce he^ is di^cpieed* \Vc have seen liki^ 
wise, -ji^i i. body n^r pin mrh some cf its latent heat 
-•et^'iT chAz:fsL:g its ibnn. as w-js the case 
.i if sulpccnc sod azxl W2*er, and 
- '- T» -"er , bt-t tere ycu must obsenrey 
IlC^ «hkh Sxces cvt a portion of 
''^^Ir jsTjcR henz. is occisirLGec by a new arraDgemeai 
x.ri:le5- p-ocTxec by iriaiig the liquid^ tbey 
^ '.rjne.-^o a coocge oi scale, thcxrgti no lery 
.iUe ilr-t.-eoie ukcs puce in 'Jieir fcrm. 

of iccy £ew 
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AU «olui horiicv. 1 Mip',Mxr, nui«i ti«\0 

JE. We canno: pnrrisr^ kh il ^i , Im ••ilii| 
of tbcm fi>cr)v.:^lr t.l \Mii\^ ImHii^hl 
ct drr.Miv. (Siriiii; %i|.iili ii|iriit 
OIT oi beat is 6i^\,^»^t\ , «% ii li.ip,u n* iii 
of Tntt:'ls \hc Utip|* nl • uitiinn. liiul 
:vcr bodirft arc cxi^mnl in i I'nai !. liililf 
It pressure. 
It hH keen much diaipuiMl. howrirr, lowli.if iiinU 
csloric thus cNtiuatcil hclnni;*, tltmipji 
has been rdnsulnnl a% l.i(ci)i hrui i luti ti 
strictly rinUlid lo ilut ii.iiiu, h« Hr« « •< 
produces DO other ihiii)i;r in tin- ImhI^ ilmii uii 
increase of density. 

£Mmiy. And muy not the hunir nlijci umi lir tiimlo 
to the heat extricated from the* iniMnirti wi Imvi pni 
witneMed? for the only altcrutioii that m iiimltiti il liy 
it is a greater density. 

jlfrt. B, But I observed to you, (hiit the ilnitiiiy wni 
produced by a new an'ant;cmcnt ol' ihr piniiclfi, nivin|r 
to the mixing of two different Hiilisititii m ; !hi« t tmnni 
1)6 the casey when heat i» extricair.il lintii Milirj iNiilir^ 
by mere mechanical forcct Muh »h liaiiiiiiriin|r im;. 
tals ; no foreign particlcH arc: iritroiliif rd, nml rx- 
cept a closer union, no clKint;c: of air;iti{;tiiiriil tan 
take place. The caloric, thuH cxitioatRrl, Herin*! tlir.ir' 
toe to have a still more diil>ii>uH title to the: irififlinc niion 
of latent heatf than that pnxlurcd Ijy niixiiirr<i. 1 know 
ho other way of settling this rlifriculty than by r^allin^ 
them both heat of capacity, a title to which wc hiivn 
agreed that specific heat, and liiicnt licut, liavc un cfpisl 
claim. 

' JSwdly, We can now, 1 think, account for the f:ther 
hoilingy and the water freczinj^; in vacuo, at the name 
temperature. 
Afr*. B. Let me hear how you explain it ? 
Etrdly, The latent heat, Hhicli the water ;;:ive out 
ia freezing, was immediately nhi/rjr\A:,t} l»y the ether, 
^ring its conTcrsion into vapour ; an<i 'licrcfoit, from 
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» latent state in one liquid, it passed into a latent state 
in ihc other. 

Mrs, B. But this only partly accounts for the ex- 
periment ; it remains to be explained why the tempe- 
rature of the ether, while in a state of ebullition, it 
brois<?;ht down to the freeadng temperature of the water. 
It is because the ether, duiing its evaporation, rediicci 
its own terapierature, in the same proportion as that tf 
the water, by converting its free caloric into latent heat; 
so that, though one liquid boils, and the other freeiesi 
their temperatures remain in a state of equilibrium. 

Having advanced so &r on the subject of heat, I 
may now give you an account of the calorimeter, an in- 
strument invented by Lavoisier, upon the principles 
just explained, for the purpose of estimating the spe* 
cific heat of bodies. It consists of a vessel, the inner 
surface of which is lined with ice, so as to form a sort 
of hollow globe of ice, in the midst of which the body, 
whose specific heat is to be ascertained, is placed. The 
ice absorbs caloric from this body, till it has brought 
it down to the freezing point : this caloric converts in- 
to water a certain portion of the ice which runs oat 
through an aperture at the bottom of the machine ; 
and the quantity of ice changed to water is a test of 
the quantity of caloric which the body has given out 
in descending from a certain temperature to the freefr 
ing point. 

Caroline, In this apparatus, I suppose, the milkf 
chalk, and lead, would melt different quantities of ici^ 
i n proportion to their diffeient capacities for caloric ? 

Mrs. B, Certainly; and thence we are able to as- 
certain, with precision, their respective capacities ibr 
heat. But the calorimeter affords us no more ides 
of the absolute quantity of that contahied in a bodfi. 
than the thermometer ; for thoujT^h by means of it we 
extricate both the free and confined caloric, vet we ex- 
tricate them only to a certain degree, which is the 
freezing point : and we know not how much they con? 
tain of cither below that point* 

Emily, According to this theory of latent heat} k 
ftppears to me the weather should be warm when it 





6J 

oold in a thaw \ fur l:»iri.i hi »! u liU laUt' 

wibwancc thai frrc»», uint mk h w I^ik* 

vip^l^ of kcM miikt Matm the ainmptifK , vtliiiM, 

^ ihat \xry (jiuiiiiiy uf Im-<: Ii«->i Hfit^i U 

tbe atmo«plicrct uiul rciuiii cu m Ii.(«ii< m^^iv 

which it thawt. 
. Yoiir observation U very nuf ur«l ^ l/ut ««4i 
in a froit the atniotphcic u m nitKh • '/Mc i 
ikecuthi that nil the culoiir: whkh ii tak«« ttutn 
_ bocUei ii uiMifTicUni lo ralM iu u ii«t^«. 
tnraakavB ibe frcecing \hau\ \ ciihciMiic ihv fi«^i w««ife< 
But if the quantity of luiciit hcMt i:>ifi'k>u4 
ml dealroy the fit»t» it tcivc:« i«i iii<^i»u <t.i. 
of the change of tcinpiiuiutc: 'A iIm; i^iMt'/ft 
^heiCi aC the commencetnctit botii <;l a fi«/««i ai*^ '^ a 
Am. In the fiiat in»Unce, it« exiricaii«#i» «Jwi«ifj«U« 
theaewity of the coUl; amJ, in tlu: U1U.1, i\% aW/H# 
don modentea the warmth oMiafeiiiticft hy a Mimmti )« 
em aoaietimas produce! a ili%cciiiu)/l<: chilli ut the 
hreaking up of a ntit»t. 

CarAe, But what are the ^':rncral r/dirx% that tiro- 
4iiC€ those sudden chaii|{c:t in the wcallinr. rki'^'f^My 
from hot to coldi wiiich wc odcn nx|M-i icii' r ( 
. jiirt. A Thia qncntion wfuild Iciid uh it. 'MiKfroiri- 
logical diecuksionii, to which 1 iiin liy mi ini :.tii» "/fii- 
peCent. One circunibtanrc, howcvci, ivc ' .m < .. ily nn- 
jferatand. When the air jiaif ]i i*t%r.d over r.olii « 'lunti liii, 
it will probably iirrivc hctc at a iirrMpcia'.nri: iiiuch 
hfilow our owni and then it iniiM uh*un\j hcui frun every 
object it meets with whicii will produce u jvci.Lr:;l lull 
eftemperatui-e. 

But I think wc have now sufTi' icntly d'.^clt on the 
subject of latent heat ; wc i!)ay therefore pi'fjrcc'd to 
the last modification, which, in ciikmicai. hkat In 
thb state we conbidcr caJoric uh one oi' li.e constituent 
|)art8 of Ixxiicsu 1 jkc aiiy other sub.stancc, it is sub- 
ject to the attraction oi' composition, and is thus capable 
of being chemically coinhined. 

Urmfy. In thia case, then, ii neither aficcts the ther- 
mometerj nor the calorimeter, uncc principles united 
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by the attraction of composition c^n be separated only 
by the decomposition of a body. . 

JW^fi. B. You arc perfectly right. We may consid* 
er free caloric as moving constantly through the inte- 
grant particles of a body ; afiecific and latent heat^ n\ 
lodging between them, and being there detained by a: 
mere mechanical union ; but it is chemical heat aloiie 
that actually combines^ in consequence of a true chemi-. 
cal affinity, %vith the constituent particles of bodies f. 
and this union cannot be dissolved without a decompod-' 
tion produced by superior attractions. 

Caroline. But if this kind of heat is so perfectly con* 
cealed in the body, pray how is it known to exist ? 

Mrs, B. By baring freed from its imprisonment ; for* 
when the body in which it exists is decomposed, it theiv 
returns to the state of free caloric. This caloric, hour-. 
ever, seldom shews itself entirely, as part of it gene- 
lally enters into new combinations with some of the 
constituent parts of the decomposed body, and is. thus . 
agam concealed under the form of latent heat. 

But it will be belter to defer saying any thing further. 
t)i this niodlfication of heat at present. When we 
come to analyse compound bodies, and resolve them in«- 
to their constituent parts, we shall have many opportu-. 
nities of becoming better acquainted with it. 

Caroline. Caloric appears to me a most wonderful* 
element : but I cannot reconcile myself to the idea of; 
its being a substance ; for it seems tq be constantly ac- . 
tmg in opposition, both to the attraction of aggregation* 
and- the la^vs of gravity ; and yet you decidedly class ic- 
amongst the j hiiple bodies. 

Mrs. B, You are not at all singular in the doubts . 
you entertain, my dear, on this point ; for although ca- 
loric is now generally believed to be a real substances 
yet there are certanily some strong circumstances 
ivhich seem to militate against this doctrine. 

Caroline, But do you, Mrs. B. believe it to be a sub- 
stance ? 

W. B, Yes, I do: but I am inclined to think, 
its levity is, in all probability, only relative, like- 
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that of vapour which ascends through the heavier me- 
dium, air. 

Caroline. If that be the case, it would not ascend in 
m vacuum. 

Mr9. B, Tn an absolute vacuum^ perhaps it would 
not. Biit as the roost complete vacuum we can obtidn 
is never perfect) we may always imagine (he existence 
•f some unknown invisible fluid, which however light 
and subtile, may be heavier than caloric, and will grav- 
itate in it. The &ct hasnot^ I believe, been yet de* 
termined by very decisive^ experiments \ but it appears 
from some made by Professor Picttrt, menlioned in 
his * Essay on Fire,' that heat has a tendency to as- 
cend in the most complete vacuum which we are able 
to obtain* 

JEnuly, But if there exists such a subtile fluid as you 
imagine, do you not think that chemists would have dis- 
covered it by some of its properties ? 

Mrs B. It has been conjectured that light might 
be such a fluid ; but I confess that I do not think it prob- 
able ; for as it appears by Dr.- Herschell's experiment 
that heat is less refrangible than light, I should be ntth- 
ei inclined to think it the heavier of the two. But, 
while you have so many well ascertained facts to leam^ 
I shall not perplex you with conjectures. We liavc 
dwelt 00 the subject of caloric much longer than I in- 
tended, «)d I fear you wiil find it difiicult to remember 
so long a lesson. At our next meeting we sh^U examine 
the nature of oxygen und nitrogen, two substances with 
ifhich you must now be made acquainted. 



Conftewation v. 

On Oxygen and JVftrogen, 

Mr9i B, 
To-day we shall examine the chetmc9\ ^o^^x^t^^V 

ibe ATM08PHEHE% 

3 
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Caro&ne, I thou^^ht ytni sidd that V6 were to ]etizt 
the nature of oxtgek aixl NiTROGEVy. \Thich come next 
ID our table o\ simple bodies ? 

AiVa B, And so you shall : the atmosphere is com* 
posed of these two principles : we shall theiefore am- 
lyse it, and consider its component parts sepiXAtely. 

Emily, I always thought that the atmosphere liad 
been a very complicated fluid, composed of all the varist 
ety of exhalations from the earth. 

Mr9. B, In a general point of view, it may .be taid 
to consist of all the substances capable of -existinei in 
an aeriform state, at the common temperature of out 
globe. But, laying aside these lieterogeneous and ac^ 
cidental substances (iivhich rather float in the atmoo* 
phere than form any of its component parts)i it conr 
sdsts of an elastic fluid called atmospherical a.i By 
which is composed of two g:asses, known b) the names 

of OXTGKN GAS and KITROOEN Or A^TIC GAS. 

EmUy, pray what is a gas ? 

Mr a. B, The name of gas is given- to any aeriform 
fluid, which consists of some substances chemicallyi 
combined with caloric, and capable of existing con- 
stantly in an aeiiform state, under the pressure^ and at 
the temperature of the atmosphere. Every individual 
gas is thereiore composed of two ];>arts: 1st, the par* 
ticular substance that is converted into a gas, by calorn 
ic ; this is called, the ba^ia of .the gas, as it is from it 
that the gas derives- all its specific, and characteristic 
properties : and 2dly, the caloric, which, by its chem- 
ical combination with the baab, constitutes it a gaS| or 
permanently elastic fluid. 

Emily. When you 8|)eak then of the simple sub* • 
stances, oxygen and nitrogen, you mean to expreast- 
those substances which are the basis of, the two gassesy 
independently of caloric \ 

Mrs B. Yes, in strict propriety ; and they should- 

called gasses, only when brought, by their comlnnar 
with caloric, to an aenfbrm state. 
'oline. Is not water, or any other substance^ when 
»rated by heat, called also a gas I 
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lie flyidk ■■! facat^ «» nrvn^ i. ?isMmnuiiiifSB a « 
that there is wamut ounr^r tt tanWuiniaiiif :iibb u 
are hovmrv icvcnt |ijnm ji viuji air* eatvrnuAl** 
di£ert nd hf vfuea s«ir iiu0 aivriut cittjucuiai :«acn. 
Vapour ia wafhrng iwirv luai ::ic iinjuuiii« u* lua- 
chMUcal ^vmiflOf erf ai«^ Muuaoiiitt v LMir< c u l^^'#^ 
Tha cabffic* m ikm ^am^ mrjuiua uztru u tuc v* xm«u* . 
but ita uaioB vkft c m «vn atiiru; mil ii± ivc imvt voei 
in a vmaif ' cC iaHUMtt-^ i: i^ la.- rifct*-* uoi* u fiMwc 
the. laaiipar«iHBe ia uki» i^ wr^m* wmcu^ I»u: k 
iiarai a Bpa or iltfT«absu~:* c;~^^. fiuit.- •.'.iicmic^ '.uiii- 
MnitiBn Hom use ^juiiCiC Lic;.<M.-tn lut vaiu^fi auc im 
aubatanooiaiibacna^ j-t licar^ '.iMivcrtcL ua •. ^^^^ 
ana ataiBS ki* awmim r-i ujr:riurt.. u^: :ti<r.i tiijUji 
ha an aSnk|r t«awfcn -a^rtu. bM. uui'.t ittci' -.wi-t.jnj^- 
doDcaBBOibedroEJv^vc. :^ « iut:i ciiaxij:t uf ;tu.>«c"-i.- 
tnrBf or bf anjr «>wi'ir.fc'. tijctanb. t:^:;c-^>: sir.': a» tui<r 
a airongeridfiatr. iur cjOit-; 'jf 'JUt cjn:i'j.uc:;.» tif ..jc 
ga% aod bf th^ aamTa cScr^: i^ otcun:puM'.jac:. 

combined. But prvj, 51?-^ b vr»a'. kiadft uf &itt>- 
ttancea ace osfg^o aiid xAjv^zii « ijra irx in b ^u&tous 
slate?. 

aMtm* B.U We have never been cj^c to 'jlKkin dirsc 
rabatanoea in their pure ^mple ^Uk-.t, bccau»c «e c^a* 
nat lepamfta- them entiirJy tiiber Itvm caIuiic or fn.in 
the other liodiBa with wiuch we £nc ibcm vmicO ; ii is 
theieibic only bjr their eSccts in combining wiih olhtr 
substances that we are acqiuinted wiiii them. 

Corofinr. Hoar mvch more satiiikcicry it would bo 
i£ we could see them ! 

MtmlMf, In what proponioos are they combined in 
the atmosphere ? 

Mr9* B. The oxygen gas constitiiles about one 
fixiTth» and the nitiogen gas three-fourths. When sep^ 
•rated they are tbund to possess qualities totally difTev- 
ept from each other.. Pure oxygen gas is essemial bolli 
to. xespiration and combustion, while nekher of these 
prooc9»€» CAO be performed iu niuogoi ^» 
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Caroline, But since nitrogen gat is unfit fat respin- 
lion, how does it happen that the three fourlhe of thie 
gaSf which enter into the compotifion of the atino» 
phere. are not a great impediment t» brrathing ? 

Mrs. B. We should breathe more freely than our 
lungs- could bear, if we res|Mred oxygen gas alone. 
The mtrogen i& no impediment either to respiration^ . 
or Gonibustion; it appears to be mereljr- pasaive in 
(hose functions^; but it serves as it were, to dilate ami 
weaken, the oxygen wlule we breathe, as you would 
weaken the win& that you drink^ by dilating it witk • 
water. 

Emily, And by what means can the two g^8ae%. 
which composed the atmospheric air, be separated \ 

Mtu, B; There are many ways of analiinng tho at- 
mosphere ; the two gasses can be separated first by 
combustion. 

Emily, U6w is it possible that combusticm should 
separate them ? 

Mrs, B, I must first tell you, that all bodies, es« 
cepting the earth and alkalies, have so strong an affini- 
ty for oxygen, that they will, in certain circumstances^ - 
attract and absorb it from the atmosphere ; in this case 
the nitrogen ^as remains alone, and we thus obtam it in • 
its simple gaseous state. 

Caroline, 1 do not understand how a gaS' c^n be ab-^ 
sorbed? 

Mrs, B. The gas is not absorbed, but decomposed ;- 
and ii is oxygen only, that is to say, the basis of the-gas^ 
which is abborbed. 

Caroline, What then becomes of the caloric of tho 
oxygon gas, when it is deprived of its basis ? 

Mrs, B. We shall make thispiece of dry wood-eb^ 
sorb oxygen from the atmosphere^ and you will see what 
becomes of the caloric 

Caroline You are joking, Mrs. B. you do not mean 
to decompose the atmosphere with a piece of stick ? 

jMrs. B. Not the whole body of the atmespheroi 
irtainly ; but if we can make this stick absorb any 

Entity of oxygen from it, will not a proportional quan* 
/ of arisospherical aar be decomi^^\ 
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Heiiin^ the ^rvxxK I ^lu-nM \\v\\, nu|;hi 
e purpose ; for :ac caIoi.v- w.'rUl M-|Miatc vtu* 
aadnuke room (or ihc o\^ ;\-n 
r. -^. WelL wc shall in \r'M mc'i J lu*M ili«« 
s»:ick cl^se to the fire— closer Mill. I'u n in.u MMt»i!»^ 
the caJonc plenufuUy ; othcr\^ise the mxwu tton ol Mth«' 
between ils panicles will noi l>c MLiVKuutU* »>\*m- 



CaroSTie, It has actihtlly taken tire, ti:ul yr( 1 \\\\\ 
not let it touch tho coals : but I lcV\ it !io xciy ilour, 
that I suppose it caught fire merely tVoni \\\v mc\w\y 
of the heat 

Afra, B, Or you mii^ht swiy, in other wtmN, thai lU* 
heat so far overcome ihc atiraciion ol* cohrsion ol the 
wood, that it was enahlcd lo absorb oxy);cn vei y mpuHy , 
fcom the atmosphere. 

Endty. Docs the wood absorb oxyi;cn while il ii« 

bUTUDg ? 



70' 

Mtb. B: Yes ; and the heat and lig^bt are pTodnGecP 
by the caloric of the oxygen gasj which being act at 
liberty by the oxygen uniting with the woodi appears k| 
its sensible form. 

Caroline, You astonish me ! Is it posidble that tfie 
heat of a burning body should be produced by the air 
xDospheret and not the body itself 7 

Mrs, B. It is not precisely p.scertdned whether any' 
portion of caloric is furnished by the combustible }3fi^. 
dy ; but there is no doubt that by hr the most conaidef^ 
able part of it U disengaged from the oxygea gasi when 
its basis combines with the combustible body.^ 

Emily, I have not yet met with any thing in chenui* 
try that has surprised or delighted me so much as this-' 
explanation of combustion. I was at first wandering 
what connection there could be between the ai&iuty oC 
a body of oxygen and its combustibility \ but I tlunk X- 
understand it now perfectly. 

Mrs, B, Combustion tben» you tfee^-ia nothing more- 
than the rapid absorption of the basis of oxygen gass by 
a combustible body, attended by the disengagement oC 
the light and heat, which were combined with the oxy-^ 
gen when in its gaseous state. 

BTHzly. But are there no combustible bodies whose 
attraction for oxygen is so strong, that they will over- 
come the resistance of the attraction of aggregation^, 
without the application of heat ? 

Caroline, That cannot be ; otherwise we should see* 
bodies burning spontaneously. 

Mrs, B. This indeed sometimes happens, (and 
for the very reason which Emily assigns), as I shalf^ 
show you at some future time. But in general, all the 
combustions that could occur spontaneously, at the tern* 
perature of tlie atn\osphere, having already taken place ; 
therefore new combustions cannot happen without rais- 
ing the temperature of the body. Some bodies,, 
however, will burn at a much lower temperature than 
^i^hers. 

^P^^^y* The elevation of temperature, required to 
w a body bum, must, I suppose depend entirely upon 
force of aggregation to be overcome ? 
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Jfi^. t. That is one point : but you must likewise 
vecbBedf that there must be a stronger afRnity lictwccn 
the body and the oxygen, than between the latter and its 
•caloric : otherwise the oxygen will not quit its gaseous 
fimCociHllblne with the IxxSy. It is this degree or 
wMnkf fer oxygen that constitutes a combustible body. 
The eartha and alkalies have no such an aflinity for oxy- 
jgent and are therefore incombustible. But in order 
to ttUke a eombuadble body bum, you see tliat it is ne- 
x eaaa ry to give the first impulse lo combus'tion by the 
wpprmfA (of a hot or Imming body, from which it may 
<ibttlD a auffident quantity of caloric to rai«c its tempei- 
ature. 

CaroSne, But the common way of burning a liody is 
JKSt merely to approach it to one already on fii c, but rath- 
•er to put on the one in actual contart with the other, as 
when I bum this piece of pa^Kr by liolding it in ihe flame 
^ the iBre. 

Mn. B» The closer it is in contact with the source 
ef caloricy the sooner will its temperature be raised to 
4he degrc^ necessary for it to b^irn If you hold it 
war the JBre* the same efTcct will be produced ; but 
more time will be required, as you found to be the case 
fdth the piece, of stick. 

JSmiiy. But why is it not necessary to continue ap- 
tdyfaig caloric throupfhout the process of combustion^ 
10 order to prevent the attraction of aggiegation from 
recoTeeing its ground and impedhig the absorption of 
the oxygen ? 

Mn. B. The caloric, which is gradually disengag- 
ed^ by the decomposition of the oxygen gas, during 
combustion, keei)s nt) the temperature of the burning 
body ; 80 that when once couibustion has begun, no fur- 
ther application of ctilf^ric is required 

Cttt€Mne. Since I have learnt this wonderful theory 
•of combustion^ I cannot take my eyes froni the lire ; 
and 1 can scarcely conceive that the heat and lip;ht which 
I always supposed to proceed from tlie coals, are really 
produced by the atmosphere, and that the coals are on- 
ly the iristrumenis by which the decomposition of the 
txygen gas h effected. 
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Emily. When you Uow the fira^ you increaie tlie 
i:otnbu»tion, I suppose, by supplying the coals with a 
greater (|uantity of oxygen gas \ 

Mkm. iL Certainly ; but of course no blowing win 
prtKhico combustion, unless the temperature if the 
c:o)Us l>c first raised. A single spark, however, is aome- 
ttnies suflicient to produce tliat effect ; for as I sud be* 
fiu*ci wlicii once con)bustion has commenced, the ca- 
loric disengaged is sufficient to elevate the temperatutt 
of the rest oi' the body, provided that there.be a |rce 
lu.coM of oxygen. There are, therefore, three thin^ 
rcciuircd in order to pixxluce combusuoB ; a combusti- 
ble iMKly, oxygen, and a temperature at which the one 
M-ill conilunc with the other. 

A//11V1/. \'i>u said that the eombustion was one me- 
tluHl of dcconi|MJKing the atmosphere, and obtaining the 
iiitixigcn j;uH in its simple state : but how do you secure 
this guH, and pi*cvent it Irom mixing with the rest of the 
utiiioHplicrc f 

MrM. H. It is necessary for this purpose to bum 
\ho iHxly witlun a dose vessel, which is easily done.-^ 
We shall introduce a small lighted taper (Plate V. Fig, 
7 J under this glass receiver, which stands in a baun 
liver water, to prevent all communication with the ex- 
ternal air. 

Carolina, How dim the light bums ahready ! It is 
now extinguished. 

Mr«. /i. Can you tell us why it is extinguished ? 

Caroline. Ixt me cousidcrw— The receiver was fiill' 
of atmospherical air ; the taper in burning whhin itf 
must have ubsorhcd the oxygen contained in thai airp 
and the calovio ilui was disengaged produced the light 
of the taper, i^ut when the whole of the oxygen was 
absorbed, the whole of this caloric was disengaged $ 
consequently tlie tapor ceased to bum, and the fiame 
was extinguished. 

Mrs. B. Your explanation is perfectly correct. 

Jimily, The two constituents of the oxygen gas be- 
ing thus disposed of, what remains under the receiver 

ust be pure nitrogen gas ? 

"^'rc. 13. There are some circumstancos which pre^ 
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Ite ■h« | ; € U gav thus ohuinn!, fiom Uui|; ^y. 
; bvA we may ea^ly try iilietlicr iltc oiyi^Mi 
by pulling uiitilhcr limine d t'j|icr uiuter 
kow iiiBliiiituiit'Ou*ily Ihe IIjuu: u ix'iii- 
of iheoxyptn » and wrir )oii lo |#ui mi 
ihc receiver, it woulil iiiiiiii-ilijirly lic 
that is an expcuinciti Hhif h I Mj|«t«'/M: 
ivill not tempt you to try. 
It must be very ciuel iii(l«-«:il ! — Hut li^^k, 
iL tke Teceivcr is full ol ci itii'.k v^liuc titj*kK. 
bteMtro^n guaf 

Jlik Bm Noi my dear, purr. iiifif/};ffi ^h% ii (mt- 
fatly trantparent, unci iii\jtijli!f:, hkc o/fi«i..Mi j:i. 
TlkcioiKllneta proceeds i'mm a va titty of c>.iibia:tu^.», 
vlicli ante from the bumiiif^ uiiei, mA tt.c i«aiMic ot 
vych yoa cannot yet umicihiaiid. 

Cmitmt. The water within the iKiivtrr l.us m>w 
BKialiRle above hs level in the Utsmi. \WU\tx ib the 
icuoDof this? 

ifrt. JB. With a little nnectii/n, I dure bayi vou 
WiU hava explained ii yourncll. The wuter rihcs 
Jioonequence of the Oxygen f^as Mrithiii it havinfj; been 
detteyed or rather decomposed, l>y the cxmiliubtiuii ut 
the taper ; and the water did not rise iiniitedii&icly Ix:- 
cnae the heat of the taper whilst buriiiiig, pi (jdui ud u 
"^iiliiation of the air in the ves>bel| whiciA counteractel 
tliis efiect. 

Another means of decom|KN»ing the utinf#sphere is 
tke oxygemiiion of certain metab. Thits priicess ist very 
:lDalogoiia to combustion ; it is, indeed> only a more 
liberal term to express the combination of a body 
iritb oxygen. 

Cbrofine. In what respect, then, does it differ from 
'combuation ? 

Mtm, B. The combination of oxygen in combustion 
it always accompanied by a disengagement of light 
and heat : whilst this circumstance is not a necessary 
consequence of simple oxygenation. 

Cainime. But how can a body absorb oxygen with- 
vjt disengaging the caloiic of the gas ? 
9-Mr9. B. Oxygen does not always pretttvl \Vid( \xv %k 
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r IS L tr^nsumen: pan of a vast nunher 
.i-jdies- >.-:r solii an: iijiud. is irhicfa i: exists in a 
7\ivrx 'jS'^y^' sji'^ iisar ji iit* zcmosphere ; Mud frooi 
riirse jxL^i r zTJtr -jt :o3.iDeL wkhoin snj disengage- 
rjcr. v ii...-:i I: ili-j liiLewi^ in same cases, be 
i.jKir%i ::-32: "^c EtTsosptbere wiiikhii kdj smwlile 
>!-.c-c*Jcc ii' lit.: fcTsi ifca:; £3: if ibe process be 
%^C7. 'j:x 'sjx-r^ is sa^rs^i xd saiaD quantiiies, sod 
«c grsc'^.^r. -:^l:^: '- i$ r«:>; capable of pxtxlQciDg ehfaer 
1;^: '.^r bes.::. Ir ihl: case, ujc absorpucD of osygea 
-^ ^JeLjtfi :-r-rf^=:::-: or :r>i=::r^ insieJad of roTTi^itftt'oi^ 
«.) 'iLC ciseiigs^*^ =!£:;: of licca'aic li^b: azxi beat is es- 
s»£:;*»iai li ii*e i£.rxr- 

/i'^.,. . I Tooder that xnet&lscac uxuie vith ozjgen j 
ix* &: '.her ^"^ vczy dense, ilidr asraction of aggre- 
.:r:i:icri mus: be vcrr great, &nd I should have thought 
:hat oxygen ccukf never have penetrated such bodies. 

Mr*. £. Their strong aitractioD for oxygen coud- 
lerbal^iTjces '.his obstacle. Most iceta!s, however, re- 
quire to be made red hot before they are capable of at- 
tracting oxygen in any considerable quantity. By this 
process they Jose most of their jnetaliic properties, 
and fall into a kind of powder, formerly called calx^ but 
r.ow much more properly termed an oxyd; thus we 
liavc oxyd of Icad^ cxyd of irony &c. 

Caroline, The word oxydt then, simply means a 
metal combined with oxygen ? 

^V/ff. B, Ves ; but tlie term is not confined to me- 

tald, though chiefly applied to them. Any body what- 

< vrr, t li.it has coiubincd with a certain quantity of oxy- 

uciif cither by means of oxydation or combustion, is 

failed an oxyd^ and it is said to be oocy dated ov oxygenated. 

This black powder is an oxyd of manganese, a metal 

ithi'.h has so strong an attraction for oxygen, that it 

^■^'^''•■••ttftt substance from the atmosphere at any 

^ ^ttBperature : it is therefore never found in its 

form, but always in that of an oxyd, in which 

ju see, it has very little of the appearance of a 

It is now heavier than it was before oxydation, 

'Sequence of the additional weight of the oxygeo 

which it has combined. 
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1 im very {:!aH to hen* Mui' , !••• I tffti|i-ft* 
T oonld HOC Leip hivirt? vimr duuint «itic<iii i ffAvi^^i. 
ins mBr a sutetame. at r r unt t<i tn «ri<.iiiHii hi p 
flmpie aod palpable ^taie : \ni\ vu %%«i|'ti< ir, I iiihiK 
idedare procf of its bt-ini^ rculU n i««i«li 
Jfr». A It is eavy to f btiiiiutf im \^«'ll'h' ii% ai|m« 

tfB^kfitfHB the n]S!i:ji«liew. u:iO {ni'lm;* tK^* mif 1 iiH 

ner has kmi* 

F-riy But if you rufi ui.r iIm ti«>).iri IttMi- !••• 
nciali AiU we noi then iui^i r tt itr iMti/.Hi.i 4iifr;iH 
arte? 

3fr». A No: for I mn ui»l% ••'•ifiirMi* '■.• '^^tvr* 
fam the PiaD^;anefcCi by prrMnn ini- h. i st^ifA ..'.m. 
bodf far vrhkh h has a |7*«:.a«-* iintnn^ rM.>t ]•/• iih 
mngsnete. Caloric )jo«Mr^v:r ^n' ■■ . nt'i-'-f .«r.ii.*., 
fir oaRgeOf proi'ickrd tin wihiji-'.iiiik •>* ii«* m^** 
be sulBdentlj mihed ; il mh t<:t>/ti. : i^.i im ..«>• 
ofmiDnBCse to a cenuiri fM;}Tt«.t. itii • .ii««. i- *.ii. • *,i,, 
lane aidi the or.y^ii} uiKi 'arf> i* </r n ••.• ;.,. n ., 

-EMafy, But Tou aai(' !<■'>' ifv^ '>' •' m- "'r-'** ^ 
woold attract ozy^eii inm 'm .f'iii«i>;MM n «• ■«• •• 
R is oomlxned wiib cuifi' ii'*'* iin-ti :</«< • ..i •!.• 
ozygeo have a BUjienu* ultniiM «•/• • .ifi'i' -.ti««i i .< •■. 
doDs the latter to conibifK v I'.i *!»■ nj.iiii'.iin ^ 

Mn, Bm 1 i^jve VOL '-•I'll' l<j' ■•■! i/'iic'ir/i : n.* - 

and the ozxly ansv'e!' J '.in* nitu.* i« i< «. ina i • . 

tl affiiutieB of meVulL l<i* <i!"ti*f:i anf w •. t|.ii ;>. ■ .. 

loriCy TITT at dlffefeii* l«;iii;*«-?,i.iri-,r , i •• »».iii ♦iij'i^ 

cf heat nill, liHrtti'j't. <:■•;*«>:»•. t. lurn i«/ '.o;? ..!»i 
with oxygen. vhiinT or tn*. '.<^i--'i'v <iii. i«i'iiii' vijli 
be compelled lo pur* vri.t. '.n* u\\\*:* wih.-i 'i,i h mj^-*^ 
tore is fuiiber inrjretiM"! ] xwwk \i\\ \»*»\u\ o.>\< o* 
xaangaBeae into a ^'eiu>'i- \v[it':i. >: «ii • ir'.iii i <i v>f-: i^itii 
i bent Deck- sucb ub you v.-* \\k\k ^ )\v.'.* \ j- y \ j 

F-*-r V 
3%. 7. ConibuttiClll uf b Ut|J9 unucr i. !<:«.«.• v<;< i .f Y, /. |^. 
Uvt OB a iiaud. H|: 9- >-« iifnav. i^ i..tfiiK-i ••:'.o" ii ^i.^ 
&niace. C Viiter Uatb D K^ccivr i: i: ' nu*. '.oi-wi>iii^ 
the {B fniiD tilt reitirt tiiruu|!t< :iit waivr lu'.i -.fii *«.•.< vf J. ^ 
F. P. Shelf yerformtcd 0x1 wiiid. slit r'-'.tiv*:: r.»iiiV \ /. l^ w 
Onobmtkm st jnm win in vxy^i ^^ I 
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•^The retort containing the manganese you cannot see^ 
as I have enclosed it in this furnace, where it is now 
ired hot. But in order to naake you sendble of the ei-^ 
cape of the gas, which is itself invisible, I have coiw 
nected the neck of the retort with this bent tube, the 
extremity of which is immersed in this vessel of water. 
(Plate V. /Vjf. 9 J — Do you see the bubbles of air riw 
through the water \ 

Caroline. Perfectly* This, then is pure uxygok 
gas ; what a pity it should be lost ! Could you not pre* 
serve it ? 

. Mrs. B. We shall collect it in this receiver.p— For 
this purpose, you observe, I iirst fill it with water, in 
order to exclude the atmospherical air ; and then .place 
it over the bubbles that issue from the retort, so as to- 
make them rise through the water to the upper part of 
the receiver* 

Emily. The bubbles of oxygen gas rise, I suppoSCi. 
from their specific levity ? 

Mrs, B. Yes ; for though oxygen forms rather a 
heavy gas, it is light compared to water. You «ee bow 
it gradually displaces the water from the receiver. It is 
now full of gas, and I may leave it inverted in water on- 
this shelf, where I can keep the gas as long as I choose 
for future experiments. This apparatus (which is in- 
dispensable in all experiments in which gasses arexon- 
cerned) is called a water-bath. 

Caroline. It is a very clever contrivance, indeed; 
it is equally simple and useful. How convenient the 
shelf is for the receiver to rest upon under water, -and 
the holes in it for the gas to pass into the receiver 1 L 
long to make some* experiments with this apparatus. 

Mrs. B. I shall try your skill that way, when you- 
have a littie more experience. I am now going to 
show you an experiment, which proves, in a very strik* 
in^ manner, how essential oxygen is to combustion*. 
Vou will see that iron itself will burn in this gas, in the 
most rapid and brilliant manner. 

^Tnily, Really 1 I did not know that it wds possible 
wrn iron. 
fn, B. Iron is eminently combustible in pure oxy- 
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T? ir HI rum*.- ; tf :i« ^n- j^ 

& t-^ijic ru9B ir:i7C« * 

r- ::y rue* r ch.irr-* " ' '« ^'/•"v: -* 

if I ^ DOi IckTC the crc :::!<: ii a^£.«:^! no 

Oh. whd: J bril'Jjnt arxi 'x*i. . * .' »tvc 
It M as «^i:e* And c.kzti\ni: ,\^ *.iic sum — 
of the mcllcvi «:re c!:v('» lo ikc N^.v^ */• 
k is enagui^cJ ; bu: ik\ it I'lximt a^:.M;i «ih 

3&9, A It viH bcm cUl :he wire U ciuiro*\ v-«*n- 
MBcdy pnmfed the oxviron br not .Stst cxikiaKv! . 
fcr nm know k can bum or.Iv while then: is oNVi:cn lo 
oNHlaevMhic. 
Gmfipv. I iWTtT saw a more beautiful tij^ht. My 
hardly bear it 1 How astonibhing to think ihat 
tins caloffic was contained in the Uiiull qiianiity i»f 
gt^tlnc was enclosed in the receiver ; and that* \uthout 
(tadndng^ any sensible heat I 

JMirv. B. The caloric of the oxygen ^ns couKl not 
pRXluce any sensibie heat before the comtuistii i> took 
pface^ because it was not In a free sutc. You can tcU 

H 3 
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lYie, I hopef to what modification of heat this caloric is 
to be referred f 

Caroline. Since it is combined with the basis of the 
gas, it must be chemical heat. 

Emily. Chemical heat is then extricated in all com* 
bustions f 

Mra, B. Certainly. By the decomposition of the 
gas, the caloric returns to its free state, and thus jhx)^ 
duces a quantity of sensible heat, proportional to tlMi 
rapidity of that decomposition. 

Caroline. How wonderfully quick combustion goes 
on in pure oxygen gas I But pray are these dro|>$ of 
burnt iron as heavy as the wire was before ? 

Mrs, B. They are even heavier; for the iron in 
burning, has acquired exactly the weight of the oxy* 
gen which has disappeared, and is now combined with 
it. It has become an oxyd of iron. 

Caroline. I do not know what you mean by sayxn^i 
that the oxygen has disappeared^ Mrs. B. for it was aP*^ 
ways invisible. 

Mrs. B. True, my dear ; the expression was in- 
correct. But though you could not see the oxygen gas^ 
1 believe you had no doubt oMts presence, as the effect 
it produced on the wire was sufBciently evident. 

Caroline. Yes, indeed; yet you know it was the 
caloric of tbjB gas, and not the oxygen gas itself that 
dazzled us sb^ much. 

Mr*. B. You are not quite correct in your turn, id 
saying the caloric dazzled you ; for caloric is invisi!>le ^ 
it affects only the sense of feeling ; it was the light 
which dazzled you. 

Caroline. True ; but light and caloric are such con- 
stant companions, that k is dlfBcult to separate iheniy 
even in idea. 

Mr*. B. The easier it is to confound them the more 
careful you should be in .making the distinction. 

Caroline. But why has the water now risen, and fill- 
ed part of the receiver ? 
Mr«. B. Indeed Caroline, I did not think vou would 
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■•c** • • •i.-Thc ^^JWtf 

win ; tht caloric hat dcapfin 
can remaio in the recdter, and 
ttlhevacumn. 

that I did nol think of that I 

the wire and the oxygen gaa 

jnigia then iiave fiMind wbeth* 

ecpial to that of both. 

try the expenment if jou par- 

1 can aiaure jrout thati if ac« 

laaor %^to thow that the acl- 

T^asfd b pnadseljr equal to that of 

('arlMher the |Mnocets haa been a 

iple oxygenation. 

be the case vnxh combus- 
any snbttance ia burnt in theLj|^ 
■increasing in weight, it ia tymST 
aoaietiines entirely consumed. ' 
d^jMNt mean by the exprc&bion 
fipppose that the smallest parti- 
Lture can be actually destroys 
lyfi decomposed by combustion ; 
parts % off in a gaseous form, 
a concrete state ; the former are 
latter the Jixed firidUcf of com* 
Ij collect the whole oi tnem« we shull 
:eed the weight of the combua* 
the osygjen which has combined* 
ibiistkxi. 

ibusdoo of a coal fire, therVf I sup- 
what would be cdled the fixed, 
le the volatile product ?- 
the fire bums best, and the quon- 
Mdncta should be greatest, there is 
pin you account for that i 
i 4 cannot ; therefore I suppose that 
>tayx»njecture« 

■qmte: ashes as you supposed, are a 
r combustion ; but amote^ ^{iragwd 



-^^ 



I ■ 



! Z 



i! 



1 



1,^ 



i 

k 



1 



I ' I 
I 

li'A 



li 



N 




80' 

speaking, is not one of the volatile products, as it con^ 
sists of some minute undecompbsed particles of the fcoalf 
that are carried off by the caloric without being burnt, 
and are either deposited in the form of soot or dis^ 
persed by the wind. Smoke therefore, ultimately b^ 
comes one of the ^ed products of combustion. And 
you may easily conceive that the stronger the fire !% 
the less smoke it produces, becauce the fewer particles 
escape combustion. On this principle depends the in« 
vention of Argand's patent lamps ; a current of air it 
mdde to pass through the cylindrical wick of the lamp, 
by which means it is so plentifully supplied with oxy- 
gen, that not a particle of oil escapes combustion, nor 
is an atom of smoke produced. '^ 

Emily ^ . But what then are the -volatile products of 
combustion ? 

Mra,^B. Various new Compounds, with which you 

are not yet acquainted, and which being^converted by 

.qaloric, either into vapour, or gas, arb invisible ; but 

they can be collected, and we shall examine them, at 

some future period. - 

Caroline, There are then other gasses, besides tho 
oxygen and nitrogen gasses ! 

Mrs, 1*, Yes, several : any substance that has M 
sufficient affinity for caloric to combine with it, and aaf 
sume and maintain the form of an elastic fluid at ther 
temperature of the atmosphere, is <:apable of being con-* 
verted into a gas.- We shall examine the several gas- 
ses in theirresi^ective places ; but we must now confine 
our attention to those that compose the atmosphere. 

I shall show you another method of decomposing thor 
atmosphere, which is- very simple:- In breathing we 
ration a portion of the oxygen, and expire the nitrogcnr 
gas, so that if we breathe in' a closed vessel, form cer* 
tun length of time, the air within it will be deprived of 
its oxygen gas. Which of you will make the experi*' 
inent ? 

Caroline. I should be ^ery glad to try it. 

A<r«. B. Very well : breathe several times througitf 
this glass tube into tlie receiver with which it is con- 
nected} until ypu feel that your breath is exhausted— ^ 
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. GirUime, 1 flm quite out of breath elre«dy ! 

i'lrw. B. Now let us trj the gas with a liiglitctl taper: 

EmMif. It is veiy pure nitrogen gas, for the uper » 
nunedteeljr extinguishecL 

Mn. B. That is not a proof of its being pure* but 
only of the absence of oxygen, as it is that principle 
skne Ihnt -can produce combusiioni every other gas 
WngabaohHely nicapable of it 

£miijf. In the methods wliich you have shewn t»9 
for dsoMBposii^g the atmosphere, the oxygen always 
sbandsBS the nitrogen : but is there no way of taking 
the mtvngen finom the oxyeen, so as to obtain the Utter 
pars booi the atmosphere ? 

"f* JUht. Bi You must observe, that wlmcver oxygen 
■ tiken fRNn the atmosphere, it is by deoomposhig the 
oxygen gas i we cannot do the same with the nitrogen 

m *^ % gam • J* m • 



a b e caB a e TUtrogen has a stronger affinity for caloric 
far MIT eihgr known .principle : it appears impos* 
lUatfwieMrelo separate it from tl>e atmospliere, bjr 
te^QMr oi afihiities. But if we cannot obtain the oxy- 
ffn gsa hf Ibis means, in its separate state, we have no • 
ifiniqr-OM ^ have seen) to procare it in its gaseous 
hnsBif hf ticking it from those substances thut have ab* 
axbed It from the atmosphere. This is done by com: 
fining the oxygen, at a high temperature, with caloriCf 
a&.vedid with the oxyd of manganese. 

MmUy. Can atmospherical uir be rccomposed by 
fluxing doe proportions of oxygen aud nitrogen gasses ? 

Mm. B. Yes -i if about one-fourth of oxygen gas be 
mued with^thtVe fourAis of nitrogen f>;as, atmospher- 
ibsl air is produced. 

Mmtiy. The air then must be and oxyd of nitrogen ? 

M«. S", No, my dear ; for there must be a chemi« 
sd combination between oxygen and nitrogen in order 
to produce an oxyd ; whilst in the atmosphere these two 
substances are separately combined with caloric, form- 
ing, two distinct gasses, which are simply mixed in the 
IxmatioD of the atmosphere.* 

*TUs» st leaK, seerat to be die prevailing opinion. Yet it ^^m^ 
bem fiettiooed by lome chemiitt, particuUny of late, whether ^^^^^^ 
loion of 017^ Mnd nitrogea m the aunoi]^hcit\kC u^\ %^n 
fhtminUaimbmitimtf > 
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Fshall say nothing more of oxygen and nitrogen at'prie^ 
sent, as we shall continually have occasion to refer to* 
them in our future conversations. They are hoth very 
abundant in nature ; nitrogen is the most plendful -in tlfe 
atmosphere, and exists also in all animal substances ;- 
oxygen forms a constituent part, both of animal and veg^ 
otable kingdoms, from which it may be obtained by a^ 
variety of chemical means. But it is now time to con- 
clude our lesson; I am afhud you have learnt more to^ 
day than you will be able to remember. 

Caroline. I assure you that I have been too much' 
interested in it, ever to forget it ; as for nitrogen, there' 
seems to be but little to remember about it : if makes ' 
« very insignificant figure in comparison to oxygen, aK 
though it composes a much larger portion- of the atmos-- 
phere. 

Mrs. B, It will not appear so insignifijcant when'jrou'^ 
are better acquainted with it : for though it seems to - 
perform but a passive part in the atmosphere, and has 
no very striking properties when considered in ids aepa« 
rate state, yet you will see by and by what a very ini-* 
portant agent it becomes^ when combined with other= 
bodies. But no more of this at present; we must re-- 
serve it for its proper place. 
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Contjeriflfatfon vt 

On Hydrogcrim 



Qiroiine, 



^ ^t simple body we come to is iiYDR0GE3r:-- 
'nd of a substance is that; is it Also iov^ 




JMv. A Yea: we cannot ouuiil hv^ut^ m »m 
fuaarc concrete tMe- We ue s»t.(|ukiiivK vju r. 'Wi* 
B its gMcaus brmt as we «:e »- J- '^x; i^«l jsut uiktv' 



Gsrafifie. But is iu guewu tct*:c r '.uav/*. ue uiUiC 
a auBple lubifncy, unue h u ukuLuii^ mx f^iv-jf. 

Jliri. JB« Tmey my deft? ; <jir. m »t ov if/* 4j«i#9 
an Mtm of enjr tubMsiot viai^ji i^ xf*./. ;uvt v j^m 
.com ttn cd with calofiQ vc wt; a;x iv Mir, '!3cu«t;? jutiir' 
reoifaf indeed) tint a eubKUnce u il r^ ;«uftt vuMt Vf^A 
xmnfaed with caloiic orUr. 

H yd rogen it demed V'xioa •«', ^^tcfc v^tt.: ^uc 
maanhg of wkich is to pruotr t w.r' 

MmUjf. Jiad how dMn. brcr'.4:a: ^^vauce ««#-• ' 

lef OS jgeuy chemicallj c/./?Si'j:rirc «i.:. : ya'^.t v! m 
.dngtti ga% or(aaitwu i'jrsijx^r:} '^^Mt,'. itd^vnu^j^ 
A* 

illBa ooBfaination of i%*j i^abbtb. fc.r.c t:iu: aT«<; of i.Hn« 
■shoald beinlLiixuDaUe aii : ]: qj js*. *^'^ ^ mjov*. tx'.?fio:<l^ 
BBj gK that wis prtibuot j-y^ Lre b-uc v ^rjti ■ 

tiK&t pan of water, tt ooe of 'j^e ziiOk'. coaiULbubk buk^ 
tfaoei in nature. 

Emily. Bui I tbou^t v'jt said ^^i cccr.liubvkA 
could tahe place n zx> i?<ib Liir/cKy'^eL ' 

Jtfv. B. Do jOL iecu:^c: w usht Uit pr&ce&s of ccni- 



Emily. In the CMDbirKk'.ion of a bodj wi&h osrgeay 
mth Aaengjageifiest of light and beat. 

H^ i9. TbeieiiDfe, when I say that bydrogtD is 
cnuiUmWe» I mean tnat it has an afBnity lor oxygen ; 
bet fifce an other oorxibiustible substaitces, it cannot 
han onleas rapplied with czyg^en, and heated to a 
proper temperature. 

Girafiffr. But I cannot conceire how^ by mixing 
fit^cn paiti of it» with eighty- fi%e parts of osy^n gas. 
d|Bt«D gasaes can be oon%eried iuto water. 
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ly,'/-ii ij ■• "••'» •>»♦ tj^ii'v, '/f the Uteris "" _ 

u pf' UhUtp^ 4#.t m( hhtriyt s*nd the basis of thtt 
' i 'fffiihir )Mi>f f ffti«4/ 1, (licy combine) and 
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p. nulvjBS ail the cuMi., {irvf^uMio ^* Iia 
ian of hforogcii fi^as |Mf^>ee'' l:vtii 'i.* •'a/c"'^ 



le that m Ihiv m fMriJiabiy i» ••« -f # i^' ».- .««ii# v 

bf the ebmbiisiiDle iikcil. 
Mmbf. 'Water then, 1 bu;'*/'/M« t ij«;f i ^r^-, 






Incorpgptsa with tlic i**ti«i/«yii* •• « ^^i, v<^' 
OMMerW into hfdroi;*;. a^r o r^ ^'.^• 
JM(w. Bk No my de^r , '.ii»t< * m^ ^n* ^ ^f^^ 
lAen : thflMecoinpo«itlor< 4«r i^j£ ' « -/«*»; <•«... 
^pm ill ^Apcratiuf J ; i>r'it db :"•* ''^M' '-- .# 
retbUect) wikier i» '/*. - i. » » «««# . 
i; tbai 16 mert-'v v. y^fAj t 'Ur 
I ^hl^&t any cheiiiicft.: ^vi«yjfjai!j-/i. <Hf' 
^ ^^f ^BJo n of iti ocjQifj' - •'L ; r "« ^ 
I .«it|BancPkll|nedf thrjr irr:r. «/ ?r. > ' '- • ^ 

I ^ Ujuydtj, or in thdt '-^ •.: * .* . i*. ^ / -• -,• • 

L In oVVxpernap/i o' ji.*-"f •/• v - -^#- 

■ thHie WtDM% tftsm^T V- *' '^ '•>»* v -«'*. . -* ^ 
I 'tfWel.witboiit e^|f<^r*}; .-'- ^. -.- , -^ <., 
^ ^ cni a ti iil^ anj dcc^jm^^^J" 

^AoSme- Btit i*t 'v^ •. ''•. ' v '.'.^. .^,««, 

I lieatffdred htrt« ei. • •>".' ■*. v, ^. *. 

the ihiiie manner, it -i*-.* i^ ' '^a ^- - * *"/** - 
Imt ID (hisfhK4:H 'j^re .-* 2^ ' -*^- /i^jj/^ "- • ' ■ ' ^ 
|E^ aa thet whkb 'Jk v^i]^. -^jm/^^t^ ...<*> / ^ 
coming semlt^ier ^MaMr^ci .ii.<!fA' ^/ ; . - s ,^ 
tlrogen, ubicb h. C'je'»er-* ^- ■ v 0^ ^/ - , . ^ ^ 
that form. 

'toplojed in mairrjor^^ -^, */m.^i^^/ .. «,*^^^. .. ^ 

liqud fom, is )u\t ^Ji/^;r /, v/i. •* «-• • ' • ,/ « 
ihigly, into a i;as. 

Mn. Mm That it « »^*7 ^''^'/r- *'.*<* .» 

I dwibt wbcther J 1 1*, I- •.' > 4.- 4-^ . ^« ^^1 

I 
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(whcilicr charcoal or metal) by means of which tlici 
vutcr is decomposed, supplies, in cooling, a portiai 
of the caloiic which enters into the formation of the 

Mndhj, Water, then, may bo .resolved into a solid 
substance uul a gas ; the oxygen being condensed into 
a solid, \yf the loss of caloric, and the hydrogen ex- 
panded into a gas, by the acquisition of it. 

^fr«, B. Very well ; but remember that the basis 
of the oxygen gas, or what you call solid oxygen, can, 
never be obtained alone ; it can be separated fioro the 
hydrogen only by combining it with some other body 
ior which it has a greater a£Einity. 

Caroline, Hydrogen, I see, is like pitro^en, a poor 
dependent friend of oxygen, which is continually for- 
saken for greater favourites. 

Mr9. B, The connection, or fricndshii), as you choose 
to call it, is much more intimate between oxygen an4<- 
hydrogen, in the state of water, than between oxygen 
and nitrogen,, in the atmosphere ; for in the;iirst case, 
thci*e is a chemical union and condensation of the two 
substances; in the latter they arc simply mixed to- 
gether in their gaseous state. Ynu will find, however, 
that, in some cases, nitrogen is quite as iniimaie!y con- 
nected with oxygen, as hydrogen is — But this is for- 
eign to our present subject. 

liinily. Water, then, is an oxyd, though the at- 
mospherical air is not ? 

. Mra. B. It is not commonly called an oxyd, though 
according to our definition, it may, no doub^ be refer- 
red to that class of bodies. 

■ (Caroline. I should like extremely to see water de- 
composed. 

Mra, B, \ can easily ji;ratify your c\iriGsity by a 

jj^Ii more easy process than the oxydation of char- 

'^^Vpr metal; the decomposition of water by these 

imeans, take up a great deal of time, and is at- 

1 with much trouble ; for it is necessary that the 

Aal or metal should be made red hot in a furnace, 

Ae water should pass over them in a state .of va- 
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pGQir, that the gas fcrmed should be coi!ec*.e.I over :*.* 

"water-bath- Sec. In short it :s a very complic^utcd ar j':-. 

But the same ctTcct may be produced i^hh the ^ei> 

est facility, by addin;; some sulphuric acid ^a sub»*.2r.c-; 

trith the nature of which vcu are no: vet arcriairtcc - 'o 

the water which the metal is to decompose. The icll 

Eposes the metal to combine whh the oxy^Ti cf t^e 

iratcr so readiiv and abundantir, that no he-: i^ re-u:*- 
_ • • • 

ed to hasten the process. Os i:.:s I am |^o:r;r to ihc^ 
you an instance.— i put into this brittle the wi'rr 'hi.: Is 
to be decomposed, the metal that is :o effect :h:-: rt- 
compoation by combining v::h the oxygen. ?:.■! :he 
■cid which is to facilitate the corrt''Anh':rri ^A :ht it ftl 
and the oxygen. You ^111 sec vith vh-.: vlolcr:::: :r-ci-i 
^U acton each other. 

Caroline, But what roetil is i: thit ;CJ crT>.-7 fc: 
tbis purpose ? 

Ain, B. It is iron ; ar.d it Is 'jscd in *.\.t stite c: 
filings, a^ these present a gie^.ter surface -o the tcH 
than a solid piece of metil. For, ts it is -J^e s«j:frce 
of the metal which is acted i-pon by the sci'-. ar.c :5 ::«- 
P'^to receive the oxygen produced by tr.e rkcompo- 
a'tionof the water, it necesssirily lo:!o^s :..2it the ^-reit- 
*f i« the surface, the more corthictTubi^.t is :r» tfre-,'. 
The bubbles which are now liiing arc hy.lrc^*::. rjit— 

(aroSfif, How disagreeably i: sTcili : 

3/r*. i^. It is indeed unplea^sr.*. b^r. r.ot "r-vh'/.e- 
soaoc. We shall not. hoAe\er. ti-f:*:r try ir.ore 'o t*- 
^ape, as it vill be war/.cc! for cr.pchr.f t-. 1 si.&Il 
therefore collect i: in a pbss recfcivcr. : y rr-iV-? it 
pass through this bent tv.be, which wiil c v'.rv.c: r. :r/.o 
*cwater-ba!li. ^y.'sV VI. -F.r. :iy 

£miiy. Hov Ycry rij.i:!:y the g:s esc-ocE* it ••. 

PLATE VI. 

Fig. IX. Arpsrafj* for preparing ar.d collcctir-g hydrogtn ^s*-. 
fig. xa. Receiver fuU of hydro^tn ga» icvertti over wittr. 
Kg. 13. Slow combustion o: hydrogcL gas- F:g- J4« Appari- 
tus for aiuitrating the formation of wter by the coxs-.i!:oi cf 
hydrogen gaa. lig. 15. Apparar-* for produ:i:.g harn;c:.:c 
ivttikis by the comhustlon cf hydrogen gaa. 
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petfeciiy trunsparant, and without any cdkxir ir ha t tw- 
—Now tlie reeeivcr is full— > 

Mrt, B. Wc shall therefore remove it and sulBli' 
tute another in its place. But you must observei that 
when the receiver is full» it is necessary to keep it li- 
vertcd with the mouth under water» otherwise the ps 
would escape. And in order that it may not be in the 
way, I introduce witiiin tlie bath under the watefi i 
■aucer, into which I slide the receiver, so that it. CMi 
be taken out of the bath and conveyed'any where, the 
water in the saucer being equally efiectual in preTenl- 
ing its escape as that m the hoxh.' (Piaie Vi. Fig, \%) 

Jimily. I am quite surprised to see what a large 
quantity of hydrogen gas can be produced by such a 
sinull quantity of water, especially as oxygen is the 
principal constituent of Tfutcr. ^ 

Mt9, Ji, In weight it is : but not in volume. For 
though tlic proportion, by weight, is nearly six parts, 
of oxygen to one of hydrogen, yet the proportion of 
the vulume of the gasscs, is about one pait of oxygen, 
to two of hydrogen ;. so much heavier is the fi»rmer 
than the latter. 

i araline. But why is the vessel in which the water 
is decomposed so hot ? As the water changes from a 
liquid to a gaseous form, cold should be produced in- 
stead of iieat. 

Mr8, B, No ; for if one of the constituents of water 
is convened into a gas, the other becomes solid in com« 
bining with the metal ; and the caloric which iM oxy- 
gen loses by being thus rendered solid, is just sufficient 
to traii&form the hydrogen into a gas. 

£nuly. In this ciise, neither heat nor cold would be 
produced ; for the caloric disengaged from the oxygen, 
being immediately combined with the hydrogen, can- 
not become sensible ? 

iVir«. B, That is very ■ ttue ; but the sensible heat 

^y^ch is disengaged in this operation is not owing tor 

'^''^^com position of the water, but to an extrication 

^^nt heat produced by the mixture of water and 
Vic acid, as you saw in a former experiment. 
' now set the hydrogen gas, which is contained 
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fcirtUi raeeiTer» at liberty all at once, and kindle it ai 
MOD at it comes in contiict with the atir.osphcrei hy 
: praaeating it to a candle, it will ao suddenly ^r^d lapid* 
; )f decompose the oxygen gas, by combiiiing with its 
' bail, that an explosion, or a detonation ;;is chefouts 
|. CBBOKMily call it)} will be produced. Foi i\m puipo&r. 
I } need qply take up the receiver, and quickly present 

^ ai opeii noMNith to the candle a o 

Corafnr. It produced only a sort of hissing ncise, 
lUi a vivid flMh of light. I had expected a much 
pester report. 

il6a;-= B.' And so it would have beeni had the gassen 

been closely confined at the moment (hey were mudc 

Vtf^odjB;' If for instance, we were to put in thu bot- 

> llb^a mistoiv of hydrogen gas and atmoiphcric uir : 

!: nd % after corking the bottle, we shonkl kirullc the 

' nittare by a very small orifice, from the sudden diluta- 

' tion of the gasses at the moment of thcir comS.inutior., 

Ihelvitde mu^t either fly to pieces, or the cork be bio An 

i sot itfth considerable viulence. 

! CanlEne. But in the experiment uhl:h we have jusc 
ittD, if you did not kindle the h>c!rc)^n gus, u^ula 
it not equadfy combine wirti the oxygen i 

Mn, B^- Certainly not; have i not just cxpbilncd 
tni you tlie necessity of the cx) gen and hydiogen gusscn 
being burnt together, in order to combine chemically 
ttid produce water ? 

CaroSne.- That is true : but I thought this was a 
different comtmiation, for I see no water produced. 

Mra, B, ■ The water produced by this detonation was 
V small in qiiamity. and in such a state of minute divl- 
aoo^ as to be invisible. But water certainly was pit>- 
dnccd ; i^ oxygen is incapable of combining with hy- 
drogen HI any other proportions than those that form 
Wc(;; tberefote water most idways be the result of 
their com^natioR.' 

IS instead of bringing the hydrogen gas into sudden 
ooDUict with, the atmosphere [as we did just now J so as 
to ihake the whole of it explode the moment it is kind- 
led, wet allow but a very snoall surface of g;a& Vo W\ti 
is ccpiact with the atmosphere^ the cornbu&Uoci ^^ca^ 

I 2 
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on qt'.ietly and gradually at the point of contact, 
any detonation, because the surfaces brought togcibe: 
are too small for the ini mediate union of ga*»9es. Tlu 
experiment is a very easy one. This phial with a dv 
TOW neck (Plate VI. Fig, 1 3 J, is full of hydm^ 
f>;a$, and is carefully corked. If I take oat the cork 
without mo>ing the phial, and quickly approach tbi 
candle to the orifice, you will tee how different the re 
suit will be— 

Emily. How prettily it burns, with a Uue 
The flame is gradually sinking whhin the phial 
3t has entirely disappeared. But does not this combpfr 
tion likeviise produce water ? 

Mt9, lU Undoubtedly. In order to make the fi>r- 
tnation of water sensible to you, I shall procure a frcsfc 
supply of hydrogen gas, by putting into this bottle 
(Plate VL Fig 1 4. J iron filings, water, and siilpboT:c 
acidy materials similar to those which we have just usee 
for the same purpose. I shall then cork up the bottle 
leaving only a small orifice in the cork, with a piece oi 
glass tube fixed to it, through which the gas will issu< 
in a contint'ied rai id stream. 

Caroline, I hear already the hissing of the g:;^ 
through the tube, and 1 can ft el a strong current againsi 
]py hand. 

Mr 9. IL This current I am going to kindle will 
the Ciindlc*— see how vividly it bunia— 

Emily, It bums like a candle M'ith a long flame—- 
But why docs this combustion last so much longer ihafl 
in the former experiment ? 

Mr 9, JL The combuf-lion goes on uninterruptedly 
as long as the new gas continues to be produced. Now 
if I invert this receiver over the flame, you will aoon 
perceive its internal surface covered vhh a very fine 
dew, which is pure water — 

Caroline, Yes, indeed; the glass is now quite dim 
^ith moisture ! How glad I am that we can see the wa* 

produced by this combustion. 

^ntily. It is exactly what I was anxicus to scej for 
*css I was a little incredulous. 




Mr9. D. If I had not hcUl the 'icb^M-fiell ^er th#! 
flamei the water would have e4ca(#erl in c^i< trAie ^ vft- 
mir> es it did in the ftatntr tx'/trittimxA. We htfwt 
iieit». of Goursof obuincd \mi a visrjr %ffn«il f^'ntr^flf fj 
water ;, but the diffic«ilrjr of ^fgrjn\u% a y^f ^y/^t^- 
tiiSi with tuflUent q<urititic4 *M j^aM^it {^eienr* rr.7 
ibewing it to you on a lar^^e v,^. 

The jcompoMiioD of water «»% <.^y^».'*A ♦•A^.r i-^* 
same period, both bjr Mr. C>ii«r/:r«A. »r, ..v^ v<»*r^-./ 
and by the celebrated Frer/'^i r. »«;.%.« Im^a-q^.^ t ^. 
latter ibf ented a very peri^y.r ».-/: xw^- />y» ^v/*** •> '" 
toperfiwai with ij^eat ^Antsej^ ^7 A »/m • -A^r/. ^m^ 
the fomation tA wiUtr Ky *'rjt 'y,^:.^^-.^-^^^ v' v/r//* . 
and hydrogen gatee*. T«^ ' •:-ie)- "/w v* 'f ^^ >^ ' 
pertiontf the one of wL-t^t^,. •y^^^^^" -y im-.i^^/^.* 
gUi ere inserted at oy^^^ ti«vi -/ < • ^/* 'i^<->^ / 
gjaasi previoualy exhari.<tfe/: '/ «.« , .^"t :«% M^4»«r^ -/ 
gas are kindled urbtr. *.v( ry^*^- '*? wteVr'-r, iiv«- '''- 
at the point where t/^ V#r*>. ,- VrJA^-J . «• i v.«^. f, 
ttther, that is to U7. *. ^, An'T-Vi;*/. jr.ui -.v-. jir#« 1 p ■ i 
tbebaiiaof theoxy<*:n ;^i. •.*. '^Mr^i-. vt ••* «- * •. <*r 
at liberty; arid«f/.)rj.< i v »j:^,- a ^-/'.•-•>ai • ■ / 

equal in weight ti^ ^*.ac ^/ *.< v, :;^- t^M t-.i / v^k-^- % 

the globe. 

C'erofin^. Anr!-B\4; vvt .■**>••:.*»*' •■■.m".i.'« v.' r** 
ter ever fottnt^ ir. '^/i »-^'' »' .«* ' 

poiBid, if I rccj&e-v^^ -l;^-.- -». v^ ■ i •-«•. m.va,.^. -..i. -jw 

days. 

.£011/7. Ths* eaf;/»:>,vtat -s -v, .^i-7e vz-.i^v/f •. 
the mir«d of the trrjA r.t 'kt <^y/y't:j -'rrt. .: ».-> 
proper proporirxA el '.%e j^^^^ v»*» .v.,^ i ^.v. «&: 
file toil whac «/>.w:ffae t^ .-ti'..r '. 

would be a rew2j« <if e>-ver '-r>c -1* *:/:-€? 'X vjc s$»>h«^ 
because as I l^^e akei^T VySri jv;, Sj-i-c^en i-'j-: oxv- 
gcn will cotsCMt txJij v:* i:^ ^T^r^^r.^.^.^ rfj-likc f'-r 
thefemiaM'n of «a:er. 

There is another wrlvji enect prvJ'-ccd '- > the ccni- 
bnsuco of hydrogen g«% wcica I shiU ^ew ¥0U » _ 
tLoogb I must acquAin: you nrst| iha: I caTisica v^'d «^ " 
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plain the cause of it, for this purpose, I must put Bome 
mure materials into our apparatus, in order to obtain a 
stream of hydrogen gas, just as we have done before. 
The process is already going on, and the g^s is rushing 
through the tube— I shall now kindle it with the taper. * 

EmUy. It burns exactly as it did before— ^-^^^ What is - 
the curious effect which you were mentioning ? 

Air; B, Instead of the receiver, by means of which '^ 
we liave just seen the drops of water form, we shall in- 
vert over the flame this piece of tube, which is about '' 
two feet in lengthy and one inch in diameter (Pktte VI. 
Fig. 1 5 J but you must observe that it is open at botk - 
ends. 

Emhf, What a strange noise it makes ! sometfaiog"' 
like the iKolian harp but not so sweet. 

Caroline^ It is very singular, indeed ; but I think '- 
rather too powerful to be pleasing. And is opt this 
sound accountt'd for ? 

Mrs, B, That the percussion oP glass, by a rapid 
stream of gas, should produce a sound, b not extraoll^ 
dinary ; but the sound is here so peculiar, that no oth- 
er gas has a similar effect. Perhaps it is owing t6 a 
brisk vibratory motion of the glass occasioned by the 
successive formation and condension of small drops 
of water on the sides of the glass tube, and the air- 
rushing in to replace the vacuum formed* 

Caroline, How very much this flame resembles the -' 
burning of a candle ! 

Airs. B, The burning of a candle is produced by ' 
much the same means. A great deal of hydrogen is 
contained- in candles, whether of tallow or wax. This - 
hydrogen being converted into gas by the heat of the can- 
dle combines,with the oxygen of the atmosphere, and ' 
flame and water result from this combination. So that^ 
the flame of a candle itf^othing but the com- 
of hydrogen gas. An elevation of temperature^ 
I is produced by a lighted match or taper, is re- 
to give the first impulse to the combustion ; but ' 




ini^eoioiis explanation was first suggested by Dr. Deli^ 
'"^JoanMls of the Ro^al iMdcvdoD^^oL ^^"'^^9* 




?! Trm -Twr "nsrie 2^*^ 

itrtm : "niL 'r.i^« asfubnmk.* t wftli 

jmc ii. iTacne u'rir^ mriii:* 

X ices mt .mclv iuci'. Mj- 

nenae isac v^ri^rr.c prnihxcsn^ 

far imcincs. mm -vitii ianw imii ill 

vhidh ±67 asntam a <^rici:n£en : ^c 

nifs ^lerarae T'.: :rr. Tuch mar? ci- 

te irrn t j-. ^ •»•■..: 'y»i ounic k tx* 

isiBple ncfiL k enmid zzr.uin so !!v-:r);r:n 

Mm It I: prad*^^d J. iTars—.c i^alirj bfar* of 
liefcl; but DO real &aie. 






lEanAf. Aad what is the cairw of the rc^xjUr »k.:p« 
of dwfiuieof acaiK9e ? 

cslales fiom ks combuuiblc matter. 

Omfiiir. Bat the bjFdrogcn gr^s must from its ^it«: 
kntj, aMtod into the upper regions of (he atn^uKph^re , 
why Aeiwrc docs not lihe flame continue to uvooinpa- 
By it ? 

ilfek H. The combustion of the hyilrvM^rn i\;\h i» 
completed at the- |xum wkere the fbmc U^vuMs^^vw^ v 




it ibf.n ccuMH to be hydro|j;en gas^ as it b comerted "bf ' c 
it» (;<miiiiiiitioii into watery vapour ; but in a state of such 
inifiijtc <livi»ion an iohe inviaible. 

Caro/inr, I do liot umlerKtand what 19 the use of Che 
wkk of u cutuUc 'f since the hydrogen gas burns so well 
wittumi u i 

Mtn, Ji, Tlie combustible matter of the candle must 
be dccomtKjfttd hi order to emit the hydrogen gas, and 
the wick is instrumental in eflectbg this decomposi- 
tion. Its (xjuibustion first melts the C4)mbu8tible matter, 
and 

CarQiitif, lUii in lsmi>s the combustible matter is al- 
ready fluid, and y6t tSicy alno require wicks ? 

A/r«. Ji, I was goii:); to add tbat^afcerwardsy the 
burninff wick (by the |X)wev of capillary attraction) grad- 
ually draws up the fluid to the point where combustion 
takes pUcc : for you must have observed, that the wick 
doeH not burn quite to the bottom. 

( 'aroiine. Yes i but I do not understand why it does — 

not. 

71/r«. li, Decause the air lias not so free an access 
to that part of the wick which is immecHately in contact 
with the candle^ as to that part just above, so that the 
heat there is not suiTiciout to produce its decomposition ; 
the combustion therefore begins a little above this pc»nt« 
iSut wo dwell too long on a subject which you cannot 
yet tlyuroughly understand. — I have another experiment 
to shew you with hydrogen gas, which I think will en- 
tertain you. Have you ever blown bubbles with soap 
and water ? 

JintUy. Yc«, often, when I was a child ; and I used 
to make them float in the air by blowing them upwards. 

Mm. n. We shall fill some such bubbles with hv- 
drogcn gus, instead of atmos^phcric uir, and you will ' 
see with what ease and rapidity they will ascend, with- 
out the assistance of blowing, from the lightness of the 
l^us. — Will you mix some soap and water whilst I fill 
this bladder with the gas contained in the receiver which 
Btunds on tlie shelf in the water-bath ? 

(.'aroline. What is the use of the brass stopper and'* 
turu-cuck at the top of the receiver ? 



Jlfr*. B. Il ib to afTtiii! a j a*s x\\^ to t!.c j*a^ a ..r ft- 
quheil There is, yen hcc, a s.niiUr s:o;»'«. u \\ »**'.• 
cdio ihii bbiltlcr, whicli I-* in.: Ic lo f.t ih^i wx w.r i» 
cwvtr. I screw ihcm u.c on i!ic other, z\'\ u,* u.-;. 
the t«o cocks anil open a •omni'mKatioii tH.-twi-ct. '.Ue 
itceiTci and the biucMcr ; Uitii. by Milling 'lir iitci.i 
oft'tht shelf, and gently linking ii m*«i ihc :»jii , •:. 
r^ier liacs in ihc receiver and tones the ^^.^ i:..u .c 
Uaddcr. n*i2:c\\\. /..^'- \'^-j 

CtfTAwy. Yes. 1 sec ihc bUldcr sv.ell » t*.c wa*f 
lisfsinihc receiver. 

Mn, B I ihink ihui \vc hate alnaiiy u sufij- 1..!.' 
quamily in the bUicWcr for our |.i.i;.obe : ue n.*..-* b- 
careful 10 stop both ihe co%:ks ';ct«ic we si,:i:.j'i 't.i 
WadJer from the recei\cr. les*. li.c ^'..s -l.'.'i'u. i*. . t — 
Xow I must fix a pipe to itic Vfp'.crU 'l.* .. •: ,:, 
snd, by tlipping its rn'mth Lnio Hit M'-p -c:./. \.. c. •....•: 
I'p a few drops ; then I a^ain t".!n iV.c «^ i \., aiic. * ,'u « /c 
the bUdcier in order to foicc ilie y^s ii.'.n i.c m :.p . :. I 
water at ihe ir.ouih ot the pipe, r /'/..• \ 11 /. ,:., 
ii;Bu.L'. There is a Lublilc— but i: ; uri.«> U:i.!c i! 
kaves the mouth of the pipe. 

Mrs, B. We must have patience ai/l try apiij ; 
It is not so easy to blow bubbles by means of a lilavlLL:! 
as smnply with the breath. 

Ccrcirnf. Perhaps thetc is not s^ap cnouf^b in iVc 
water; 1 should have had \^arm wa'ti, ii v^uviUi j.u\v 
dissolved the soap belter. 

Emiiu, Does not some o£ the ^us csca\)c bet^^c:; 
the bladder and the pipe ? 

Mrs. B. No, they are peifedly air-ti^bt : ve s: all 
succeed presently, I dure say 

Caroline. Now a bubble ascemls ; ii nioves ^i;h ih-.- 
rapidity of a balloon, llow beauiituUv it itUatts liie 
li^ht I 

Emiy. It lias burst against the teiUn'^^scu tv.c. 

PL.\TE Vll, 

Fig. i€. Appantus for transferring gauei from a ttctWct Viu 
to a bladder. Tig. j;. iipparaius for blowing loa^ V»u^^\i6%, 
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-cecd Dov vondcrfdffr ; bm why do ^htj ill aaecad ai 
bcrst agaiose 'Jie cdibg 

Mr9, B. Uf dzpgen gas is so miidi fighicr iImd s 
iBQipberical lir, tbat it ascends npidly wi;h iis vei 
Lght cnTcIope* vliich is burst bi- the Jorcc wiih wfak 
i: strikes the oeLin^. 

Air balloons are fiiled «i:b this gaest and if thej m 
ried DO o:hcr weight thao their coieiiDg» would asccn 
&5 rapidir as uiese bubbles .' 

Canbne, Yet their coTenog muslbe XBuch heani 
than that of tliese bubbles ? 

Mr9. B. Xot in pn^x>rQGD to \ht qnandty of ^ 
they coDtain. I do not know whether yoa Imtc en 
been present at the nlling of a large ballopn. The a| 
paratus for the purpose is rerj simple. It consists < 
a number of vessels, cither jars or barrels^ in wluch th 
materials for the formation of the gas are mhteo. eac 
of these being furnished with a tubOf and camnnuuc 
ting with a long fleuble pipct which conveys the^ia h 
to the balloon. 

JBanily. But the fire balkxxis which were firat invcn 
cd, and have been since abandoned, on account of ika 
being so dangerous, were ca^UjDCtcdy I suppose on 
different piincipie. ^ 

Mt9, B, They were filled simply with atmoaphci 
cal air, coDsiderabh- rarefied, and the necessity of ha' 
ing a fire underneath the balloon, in «rd^ to presen 
the larefactioo of the air within it, was thencircumstanc 
poductire of so much danger. 

If you are net yet tired of experiments, I have'^ni 
ther to show you. It consists in filling soap bubbh 
vrith a mixti:re of hydrogen and oxygen gasses, in tl! 
proportions i.^..: ut.ii water ; and aftcnrards seuing fii 
to them. 

Jimily. They viil detonate, I suppose ? 

Mrh. B. Yes, they will. As you have seen tli 
TTiCthod of transferring the gas from the receiver ini 
the bladder it is not necessary to repeat it. I hai 
tjjjgjl^re provided a bladder which contains a due pn 
of oxygen and h}-drogeD gasses, and ire ha^ 
' ' »w bubbles with it. 
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^Uk. ^id irsea v.>i:: sc*. na. i.t*c*: e«<-T i-jc: :ccr 

i^MacB. aad « & r^*-*-«* i . :=.:« r c : r- r £ ri'^ : hm i: 

WLi&^ 1 -: m :.- :* iiuint :.«« ra- 
k la « sa spec:— ^^>-*It <£><:;*.. .r«ti ; 
*« {lot ki:2T -Busjn h :•« L-:? :r.t «-pf»jT r^cic** 
oc:keMiac»!2cr6iarx: v^<r« c.i:.cr by sr. clerirk spurk, 
Cray CftsaiicleWekQ c-f :eiBper:.:i:re. it tiVes fi<i« it 
MMf ytr^'^* SBch inerccrs or icrsir-^js appcanrtces as 
utooaoDBMiT sees in ii:« i:9CC«;;h«:Y. Of tl.» kind 
AicpNtehhr iJKiie bcoii dashes «ui:h vc c-:';tri &<« on 

£mA^ EveiT 2uh i suppose, sius: prec\:cc a v^uan- 

CMroajit. ATsd !i:is water, xuinralH' ce^er^Is in :he 
ktm of nln : 

*». iS. Tast probiWy !?^ cf-.cn :be c*se, ihivgh it 
Bnoe a necest&rr ccc^e-^izerce ; for -.he i^^'cr n;av be 
volved bf tbca:rr.csp>he!C. as it ctsccrkis :owaiiiN the 
W«cr reg^oiR. arid rcniL-in iherc iu :hc form of c>o\^U, 
Boipnjr do not qucKbn me too close iv on this <ub:ccv^ 

K 
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Mft* -fl. '/ ' 

Svi^pHuu \% ^\iK ntxl itm^At %'MiAHCjt that comM 
•indtr ^Mir t.rrtt%if\' rdU^m. ft f\\^tf% tn one eMemial point 
Irom ihr \t:KC^A\u'^^^ 'd% \i C7.i%ti in a v^lid form at the 
ififw'/^rfitiirc of the affiiot.pbcrc, 

CuroUnf, f arfi (^a^I that v/e have at Ia*.t a fiolid bodf 
T; AXairthir; ; ori«3 fh^t wc can %ee iir«d touch. Fray, » 
I* not with i»Ml|yhur that ihe prnnts of maichcA are cover* 
f;rt ^0 ttiijkf: them eaVily kindle ? 

MfM, //. Vft*, it i« ; 'A\.(\ yoii tlicrcforc already know 
(hat nMl|ilfur U a w.vy combuHtihle Mibhtancc. It is scl- 
fl'Mri diM:overe(l ht n^itute jn a p'irc iiiitnixcd state ; &o 
^;re;tt i>> U« ('flinity \nr othir tvulHtJTr.c't, that it is almost 
lOiiViiiiily f'liiiirl (.oriit;ini:(! with vinie of them. It is 
Viioi;i f oiiiiii'itily uiMterl witli DictuH, under various forms, 
itiid W («•■)» >f'.i!<:r| i'roffi thf.in hy a very himplc proeess. 
It «>-r.|(.((i like wine ill fiiniiy minctal watcrst, and some 
i'l 1,1 i.Jili i» yifdd ii.ln varioiiit pn^ponioiis, especially 
thoti nl \\u' ( MM il'oi'Ri tt'ilif^. It is also found in animal 
iiiiMt I , ill blioi (| n may Iju (rp.covc.rcd in {greater or less 
• |iMiiii i( II, ill ih(i iniiKM'iil, vcf^cluhlC) and animal king- 
•' .1.1 

/ mly, 1 li.ivc hrtird u^ ^/lowtra qf «////M<r, arc they 
I'll piiidnci ^«l uiiy ]>lunt f 

1 A *. //. My hu mi'iuitt : they con'.ibt of nothing moBe 
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tiiaii comzBon sul'iliur rjJuccil :o - ^c '■ - *• *".".» 
a process cilicd c- •.:•:.':;•. — V.- ?.. r.-..-: . .* . :. 
ph'ul ; i: is cxac'.lv t'lc --:iir a-^-:.- u -• •*..:•" . 
■ulphur, OT'.ly i:s cole : ■ i^ .* ;-.«.: ;. — -. -■-»-::■ . • » 
itate of \cry mii/./.e ^!.>i-i:-: 

J^r-jiy. Pray \*h^: is a-, ir- ..:. ; 

^Irs. B» 1 1 is i/.e cv-:x.:-:.-r.. cr. r :-c r •:-<:• 
BpeukLig, ihe \ol-'.:.:^\-::. .: »c.:i •._*-■ .'t .» . , . . 
coolingi ccncenae a;;Air. in a ccr.crs'c :".:- 1 .c ; " - 
I cess, in ihis ii'.s'jiue. ir.ut: ;-c ;*::-": s- r* a -.::?- 
vessel, bo'.h to prc\cr.: cir. --s...: . »:..:- v.. , .i.c 
place* if the access ci" «:; .»ia :*.! ;_.i:_ .i : :c: .^-. 
and likewise in onle: lo c&..e.: :: c t^.ti^^c iiis: i:.t 
operation. As i*. la rather a &..w poccM. vt •:;..?•:: 
Iry the ezperizrcr.: r.'-w ; \a*'. jc. "«L. --.ce-*-.. .. .■ pe*- 
iectlyif I show ycu :he i^:^;-:'-* '-mw ;.: '.-t ; .r:»."t« 
f/*/a/f VIII. /;\/. .3^ S^xc l.r. ; * •:: »^.;',r ;-. 
put into a receiver of .r.ia kii: : » ..;::. i? <.«.. e . : ^ .- 
Itssfaape, you seCi sc.t.ca..;.: rtitr". ..& '.'■«: .' . ;<•'• 
and is open at the :cp so is : - ---: ■ v<... :i.. v 
10 a kind of conical receiver c: :. .« ^..r. :...«c .' ; :c^ 
The cucurbit, thus cc*e:ea m::.. i.i !.t-_. .s ;.A:ti 

orer a sand -bath ; thia i» i.::...:.^' i: ,:e : :. - t**!* 

fuHofsand, \ihich ia kcp: itiitu L\ i.. r.itf. r _.. 
M you see here, so as ;u present :;.„• ^;>;^-:...^ .• * 

moderate acd u:ii;oim :cn.;>c:\.-. . -c. 1 :.t i . 

then scon be^ws :l nic!:, ar.c ".a.n.c. i-v.ly .. c: : .= * 
thick while smwki: lUcs. wr;;!j i» i.t--l.-.. ... .s-.-.J 

vi:hin the l.e^d, or i;?->cr *>-:: ' : :..j .-■ -^-i... •. v • irc 
It condenses c^iii.s: ::*< tLlci. >w:r*c ..: .. " t :.:r.. 
of a vegetiui^n. \^;icricc i: !.-•» c .1;.^^. '. .:.•.. .. 

flowers cf sui-'hur. 1 .is :/r-:.- -. ■..::. . ;- . .t. 
9aa/t?ub:c, ia i\':^\Ay uri^f-l i;i la l:'.\ a v .;....--..:.-_ 

as you wi:: ste vlitn vc L'vn:c :j :rt.»: i: ;..:>e cv- -• 
lions. Alen blcs a:e i.c: comr/jr. v it.. ,; '.: ^»..rr, 
like ihi-, which i:» lo: lic^llc c:::v u dL^-.:-::. .= :' i. 

PLATL VII!. 
Fig. i8. A. Aleaibic. B. ^izd-ba:.h. C. rjm:i. " •. : .. 
FuJiometer. Fig iz. A retort ccrtiir.i.-g winr. 3. I J- -.'•j 
heat the WMCT. C C. PorcLlJn :,b= ccr.?air.ir;r Cixl'.:^. ' \i 
Furnace throujfh which the ilIs • -*-* L R-c^ v.- « - .. • ...' 
froduceiL F, irarcr-&at/j. -^ 
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•■ *u^ ftUiall !i4.i)c. ThMir used in 
^liCiUly ii».ulr- ^ii «.iip|Hu and «re of ooone 
»Uy Lt^i^i. I III iiiuKi|'*»l coils; rue: ion. ha 
•.iifU|:i iIil; ^ktu<.i .u4iK«Lit;li ih«;U' ktupe adnuts of 

> ••• luLlitii 

I ..i — \\ hai Ik ihc tt9«c of that neckf or 
vi<ii-t. Uwiiiia .)UMU iv^u ..ho u|^r piece of tte appan 

iir*. /i. h i» ui iwi ii»c i« ftublinwidcMM ; kdftlmdi 
uii4ii(ii<a (iUd |^iii(.i«4l i»:\;<n;i af which it to cvapona 
u; Lfcui, ii. t-lLibctl \t\Ki9s -Jm* vctUiile parts of a ooa 
1^0 .;.•! u^a^ } aiul Ui ...ouJcuw ihem ag'-on into a liqak 
u •«.. )cj Lu lull > i.h Uic ^.o^tJeuted fluids wluch othe 
«>i»i: .fUiiivi Li\ uack uuoinc mcurbic. But this is nil 
t.i iuiLi^ju lij uui |iit.:»cKii »tt>f^M. Let OS return to tl 
• «i(ii<itt. Viiu lAuiv ikciieciiy m>daniMwi> I* suppoi 

£u.;u'. { U;lis;\c 1 ue>. SublinostioD appears to co 
.ibL ii4 tUikiiujUt^i by iu^au* oI he^t^ the altcactioD 
at,,;(i;i^aiiuu ot ili& (Aaiuciciol s soM body, which a 
tbuii tuluiiii^a; auul m:^ m>ou ;u \hey k»e tho^loi 
MitluU ^luauLcd UiAi etiecti ihey are dcpouted in tl 

Caroline. It aeeioA lo me to be somewhat umilar 
itib iiiiiiblorin<iUi>i« of wMei into vapour, which retur 
to iu lifju'ut btaie \vhcn depiived of cak>rtc. 

Hiiuiy. I'heie ik thij^ diffci>eiKe, howcwfcr, that t 
feulpiftiii doch not return to iti former statc» since> inste 
ui luiupi, il ch<Ul^e& to a l^nc powder. 

Mj^i. IS. thcnikidly speaking* it is cxacllT the sai 
fcubiiuiice, whether in ihc form of lump or powder. \ 
if thi& iKiwtler be melted again by heat, it will in co 
inyr, be rebtoreu to the same soli J swlc in which it ^ 
before its buMimHtion. 

Caroline, IJul it there be no real change produf 
by the siiblimulion of the sulphur, what is the use 

thut optruiion \ 

Mrt. B. It divitles the sulphur into vcr>- mmute pai 
and thus disposes it to enter more readily mto com 
titt^uth other bodies. It is used also as a means 




LtrtJiK. jBiiiiiiflutcm amK..r^ u ::w* Ihc iii; *m: '^ 
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iy'iti^kq fiwoctitte an^add^ ^•^ * „ "''^ '" -^^^w^ 
( aroUne. Why' <heD ft not ^ater^ "iiliiclr^cflijjm 
BUcli a qnuntityvf oiiygfen^tci^?' ' > ' 

Mrs, li. Ikcati«ie h^dco^h frhicii is M 
stxtuent of v^toTi is ilot susC^ibk -of vdr"-— « 
1 tjelkve it will be nec^ssaiy, befriyb .^jnti^ed'^. 
^iMfr, to say a few words of the gC»^i'$ i^lllregof gjfib{ 
tfVQiagh If is rather ^rdbviaiimi frbm Jbf ]^rf^W|pcwitft 
irij^the :sioiple bodies separately, in'fiiir'ifrif jponijiijf 
iliein'iD.a state of coinbiaution. .* '• '=*^*'\ x'l 

Acids fsay be considertd us a fiendif^c cldnil^ If^ 
bodies, %i^icb ^urin^ their cqpfUisuioii, of'^tofMii^ 
tipn, with dkygen, have i1cquilg^^ vely ct)ifracterilM($ 
properties.. They are chiefly disceiflable Ij^y. their ^r 
taste, and by turning red most orW bhi^egetiiw 
cotours. These two" properti^ are xqpif^on U) the 
"whole class of aqdi : but each of theni. fs^Hgltuiigiiisbc^ 
by oth^r pecq|iar^ualiiies. Every acid cotlsiA^ of st^jdhe 
particulAf substipce (which confutes \t& Phases,- and- is 
different &i eafl)), and of oxygen, jvhich iii comoioB to 
tben^all. ■" • , - ■■•■'\ 

Jiirdhi. But I do not cTfearly see the difference bC' 
tweeri a<Sds and oxyds ? '. . ^ > - 

Mra. M Acids were, in fact, oxyds wliich, by th< 
addition of a sufficient quantity df oxyf^n ha^txet 
converted into acids. For ticidificalicn, 4h«u "^ustob 
serve, always in) plies previous oxydation^ as « bod] 
must have combined with the quantity of oxygen xequi 
site to constitute it an oxyd, before it can combih^iiritt 
the greater quantity that is necessary to render it »l 
acid. ^ ... 

Caroline. Arlj alf oxyds capable of being concerted 
into acids ? ' 

Mr*. B. Very far from it ; it is only certain sub- 
stances which will enter into that peculiar kind of union 
gen that produces acids, i.nd the number of 
^poriionaliy very small ; but all burnt bodies 
isidercd as belonging either to the class of 
> that of acids. At a i'liture period, wc shall 
0^ ' ^ at large upon this subject. At present, I 




JKvebnt one circumst&icv fui::.cr 'o fii/i;/. ia.* *r. %-o-. 

ai«Aiaccp:iii«c «vt :*.» r:t .•-•.. 

.iqgio itic illilcrcti* 'i .^:. i - .• . .• i^ ..i . 

thdi' iura €ori:!/Jric6. 
£Mi9y Aj«'.j ».u*v ;&.•; •;.*... ■ » , j 

^' tiondl»tir):<ui&iicii f 

them rtic ^>Mtl - • •' I. «. :i. -.. . 

e^c tie^rccoi dCi';./.. . .*; . . 

9d su/jiiutric uctd. \ . '.t : 
.iDthiay iu ::i ail ::~i •«. 
in cx:>reab--ci b* : .- ^-. . 

Caroline* Afr : 

yi/r*. //. Bv L .."!■; • 
and ihus rcnceii../ / .-, 
Ihave provicltfi -Si.... ■ • 
is ill that l»oi:lv. L .: 
ihe gUba rcct.ver •... 
and is fuli ol' uac. 

Curoiirif. P.-y. !:•'.;., ' ., ' 

*\/r4. Ji. li :\ . . r-v — 

boitle com pic. lI*. ^ r. 

mouih u[)*.\rti«-- •..:•.-. 
lure in ih^ sh-'.:. *:. . 

Ine receiver, *... I : .- . . — 

yoa have < ::ly lo - ; . - 

be expccicl ^t a :. 
of sulpiiu; :./. j - •: . 
the top, a.» '. i./! ,.. • . 
lighted lip.-cr * - *:c 
(lone \crv f ..-..' • 
gel in, ami n.':.. ' ' ..; 

JliriitU. jrl j"» '^'.'. - 

Ccrc^i.^r. M .t i: 

pour. This 1 au.'>'--:.i; : 

-^•?i:/y. Are t;.js€ aciJ- .i.v.iysin .; -..-l ..- >:./o : 
Mr/ B. SulJ)!.u.i.l;^ vi':iv!, ;:s wo h.;\c .:! ..;;. . r- 

sevvccl* is u !X-.:iK'.iJ';'.-t u'V, wv.l c;ua Ic ^.'>•../;v..•J -u ;v 
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IkgidSafmmAj t^ cu>nck»nifig it ill wciter.' Trt^ 
statCf the sulphuriotft add is inVisiUef .imd it?B^pei 
the form of white 8niDke> only fiwiv fts comUmng 
the moisture. But the vapour of solphuric bM,*\ 
you have just seen to rise during thetspmlMist^) i 
a gas, but only a vapour, which CondtfiieA iiift 1 
sulphuric acici, merely by losing its caloric. Aim 
condensation is much hastened and promeSted by re 
ing the vajraur inta cold water ; whilbh may.aftin 
be separated from the acid by evaporation. 

Before we quit the subject of sulphur, I must tel 
that it is susceptible of combining with a great vs 
of substances, and especially with hydrogen, 
whichyou-tire already acquainted* .Hydrogen gai 
dissoUe a smull portion of it. 

Jimiiy. What ; can a gas dissolve a solid subsla 
Mrs, B, , Yes ; a solid substance may be so rat 
ly divided by heat, as to become soluble in a gaii ; 
there are several instanees of it. But you must 
serve tiiat, in this ease, a chemical solution, that 
say, a combination of the sulphur with the hydn 
gus is produced. In order to effect this,- the sul 
must be strongly heated in contact with the gas : 
heat i*cduces the sulphur to such a state of extl 
division, and^ diffuses it so tlioix>ughly through the 
that they combine and incorporate together. Ai 
a proof that there must be a chemical union bet^ 
t4ie sulphur and the gas, it is suflicient to r6mark, 
they are not separated when the sulphur loses th 
loric by which it was volaiilized. Besides, it ifer 
dent, from the peculiar fetid smell of this gas, tb 
is a new compound totally different from either c 
constituents; it is caW^d /sulphurated hydrogen gas^ 
is contained in great abundance in sulphurous nih 
waters. 

Are not the Ilarrov/gate waters of thii 

Yes ; they arc natura^y impregnated 
hydrogen gas, and there are many c 
■the same kind ; which shew that this 
"I be formed in the bowels of the eartl 
' processes of nature* 




^^ C&rafipitf. Aod c«uld not such waters be roailc ani& 
•Ufy by imprepiating common water with this gas? 
. JUfWt B, Ves ; they can be so well imitated as per- 
fiody'to resemble the Harrowgate waters. 

S^phur combines likewise with phosphorus, and 

with thtf' alkalies, and alkaline earths^ substances with 

wlucb jrou are yet unacquainted. We cannot therefore 

enter into these combinations at present. In our next 

leaaon we shall treat of phosphorus. 

Ewibf, May we not begin that subject to-day : this 
l«8ioo haa been, so short ? 

Mn^.Bm I have no objection, if you are not tired. 
"What do you . say, Carotine i 

Catidine, I am as desirous as Emily of prolonging 
tiie lesson to day, especially as we are to enter on a 
Kiew aqfa^ject ; for I confess that sulphur has not appear- 
ed to l$e BO interesting as the other simple bodies. 

'JMr^V-iB. Perh^is you may find phosphorus ntore 
entertaining. You must not, however, be discouraged 
when you meet MFith some parts of a study less amus- 
ing than others : it would answer no good purpose to 
leleqt the most pleasing parts, since, if we did not pro- 
ceed with some method, in order to acquire a general 
idea d' the whole* we could scarcely expect to take in- 
terest in any particular subjects. 



PHOSPHORUS. 

PHOspHORira is a simple substance that was former- 
ly tinknown. It was first discovered by Brandt, a chem* 
1st of Hamburgh, whilst employed in researches after 
the philosopher's stone ; but the method of obtaining it 
remained a secret till it was a second tiiDe discovered 
both by Kunckel and Boyle, in the year 1680. You 
see a specimen of phosphorus in this phial ; it is gen- 
erally moulded into small sticks of a yellowish colour^ 
as you find it here. 
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Ji;5-T £ 1' !'"C COTlill««*i«rli r,f a p >V.'. 1 t,i pi,' J.' o. 

upvfcrfc :»: » i '-n;.'f.i |. .• «. « 1 i* c i 'l.i-i i.« •.; 

Gnrpv'^ez i' circ: cMH!i«».iijis w..li iIh- * .'•■ .n » • 
i, -Erz'. . A .: i> il^'* ui.i: il i! :•» ff-ii.', ./,/.. ...» 

•jac of si:.: -^o -r. a kI •' 
/.-I. -c. Yt-s: p;»- j«;>!:«:io acii!. A'.-I !...•*» f •. 
I fr T^roDrJ lined ihc p!i' plvjii's diKi ::.*«.>.«.» I 

Kii. ▼eLT:ir!\: lojreilier, in il.is i.< • ' » 
«•• s-TLcf *.«*^eirwci^i.'sv.*p:ryu ly. '1 r \% „■ 
hi'"t i?:?DCed into ihc uui\rr, </ii i-'n' ,.• ».: 
OLT I'lrinc.!. wnd wii c! Imvc lilkri :• u.;. • .i 
•--I: cise- Ls in the roujInsMMi ol ^u. . j.r. •." 
T-o: .r : :•: ir.cd is ..b-orhcd uiid (MicI((, t'. •'. ..« .* 
«:'!:.? receiver. Bui when ih'K toiii',» •/. .t - ; • ••^•• 
«cr:r.c«t apy water or moUtiiic Uiiijr #• # r • .» 
i::!:':en appears in ihc form of c'jiirfc»t .-.• . . .., . 
^i::i iie. however, exircmely rca'iy lo i;.« 
Ir-v. . I't.iaiion of moislinc. 

£t:...-. Does phns\i\ioiuH, in bi'ii'.T/,; j. ^ -r/ .' . 
i^u c.i.\ produce, like bvilphur, b vcbkci y, • 
?sci€ -c: j ? 

-Vr*. B. No; for it bvmisin:!nj'Apln. i'^. . .^ , . 
iy a: ihc same tempcruluic, as in pi.M- r,*- 




Carotirii, But is there no mcllir,il r.f j- .,:,j ,; .. , . 
plioruft in a slighter mani^cr ; mj ub \u l.,uii /./!• , , '. 
icid ? ' / ' 

Mr,. B. Yes, there U, When m,u^,\^ ,^^^^^^^ 
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the atmosphere^ phoBphorus undergoes a kind of filottr 
Combustion at any temperature above zero. • . 

Emily But is not the process in this case, rather aa ^ 
oxydation than a combustion ? For* if the oxygen is too «. 
slowly absorbed for a sensihle quantity of light and heat 
to be disengaged, it is not a true combustion. 

Mr9. B. The case is not as you suppose ; a faint 
light is emitted which is very discemable in the dark ; * 
but the heat evolved is not sufficiently strong to be aeiv* 
sible ; a whitish vapour aiises from this corobustidiy 
which uniting with water, condenses into liquid pho^ 
phorous acid. 

Caroline. Is it not very singular that phosphoms 
ihould burn at so low a temperature in atmospherical 
air, whilst it does not bum in pure -oxygen without the _ 
application nf'hcHt ? 

Mrs. ii. bo it at first appears. But this circunt^ 
-stance seems to be owing to the nitrogen gas of the 
atmosphere This gas dissolves small particles of phos- 
phoruSf which being thtis minutely divided and diflu^ 
ed in the atmospherical air, combines with the oxygen, 
and undergoes this slow combustion. But the same ef* 
feet does not take place in oxygen gas, because it is not 
capable of dissolving phosphorus ; it is therefore ne- 
cesbury, in this case, that heat should be applied to el^ 
feet that division of particles, vvhich, in the former in- 
stance« is produced by the nitrogen. 

Mmty, I have seen letters written with phosphorus^ 
which are invisible by day- light, but, may be read in 
the dark by their own light. They look as if they were 
written with fi»e ; yel they do not seem to bum. 

Mr9. B, Uiit they do really burn ; for it is bjr thdr ^ 

mbustion that the light is emitted ; and phoa- ■ 

acid is the result of this combustion, 
phorufl is sometimes used as a test to estimate 
rity of atmospherical air. For this purpose*, it 
t in a graduated tube called an eudiometer^ (Piiait 
I'lg. \9.) and from the quantity of air which 
iJ^^ phosphorus absorbs, the proportion of oxygen in 

\ air examined, is deduced ; for the phosphorus will 
4i ^1 tho oxygen, and the nitrogen alone will re- 



more oxrf^en is contninr<l in the 
dM parer I tiippouc it i% e«te<*mcil ? 
Certftiolf. Pi)o»phoru«« when incllcfli 
m ^reat variety of mihiitutirr^. With 
a comiKHincl no extfcincl)- rontlniMi' 
^ly lakes fire on coming in r.iinuct 
It u with thU compcNiiiifNi that the phoa- 
mre prrpAicd, which kiiullc a^ wmiii aa 
JkKfm^twkrm out of their case and arc cx|Xjaed to the 




I have a box of these nirlous mate hr^ } hut 
I ban ebaerfed, that in very rold wcathrr, ttit7 will 
'Mtake fire wkhout being pi-vviously nibtird. 

Mn, B. By rubbmij; them you ral^c their tem|>era- 
'lae; far you know, friclion it one ol the nirauA ol cx- 
^licaAiis heat. 
.ffari/y, WiH phosphorua combine with hydrogen 
{Hi aa aalphur doea ^ 

Mr9. Bb- Yea I and the com|Kmml f^nn whii h re- 
lokafrtMB thb combination ban a Amcll Atill more feted 
thntbe aulphurated hydro(j;vn ? it reicniblca that of 
IDfic 

The phot/ihoratcd hydr^gm gat haa thia remarkable 
•tKiiliaritjri that it takes fire s|xintaneously in the at- 
aiMpbere mt any temperature. It is thus that are pro- 
<facad thoae transient flames^ or flashes of li^ht, culled 
l>y the Tulgar JVUi^if'the' fVhfi^ or more pro|icriy Ignea' 
Arait which are often seen in church yards, and placea 
'Wherft the putrefaction of animal matter exhales phos* 
phonia and hydrogen gas. 

Carolme Country people, who are ao much fright* 
'coed bf thoae appearances would soon be reconciled 
V) thcmi if they knew from wliat a simple cause they 
proceed. 

Mi«. B. There are other comlnnationa of phospho- 
ma that have also very singular properties, particularly 
that which results from its union with lime. 

JBmtly, la there any name to distinguish the com- 
binatioD of two simple substances, like phosphorus ancf 
iiflMt neither of which are oxygen» and which there 
4m can produce neither an oxyd nor an acid I 

Xj 




Mrs, B. The name& of such combinations are com- 
posed from those of their ingredients, merely by a 
slight change in their termination. Thus \7e call the 
combination of sulphur with lime a ndfihuretj and that 
of phosphorus, ?i t^aafihoret of lime. This latter com- 
pound) I was going to say, had the singular property 
of decomposing water, merely by being thrown into 
it. It effects this by absorbing the oxygen of waten 
in consequence of which bubbles of hydrogen gas as^ 
cend, holding in solution a small quantity of phosphou 
rus. 

Emily, These bubbles then are fihosfihorated hydro^ 
gen gas? 

Mrs. B. Yes ; and they produce the singular ap- 
pearance of a flash of fire issuing from water, as the 
bubbles kindle and detonate on the surface of the wateri 
at the instant that they come in contact with the atmos- 
phere. 

CaroUne, Is not this effect nearly similar to that pro- 
jduced by the combination of phosphorus and sulphur* 
or, more properly speaking, the fihosfihoret ofsulfihwr ? 

Mrs. B. Yes ; but the phenomenon appears more 
extraordinary in this case, from the presence of water 
and from the gaseous form of the combustible com- 
pound. Besides the experiment surprises by its great 
simplicity. You only throw a piece of phosphoiet of 
lime into a glass of water, and bubbles of fire will inu- 
mediatcly issue from it. 

Caroline. Cannot we try the experiment ? 

Mrs. B Very easily ; but we must do it in the open 
air ; for the smell of the phospherated hydrogen gas 
IS so extremely fetid, that it would be intolerable in the 
house. But before we leave the room, we may pro- 
ducci by another process, some bubbles of the same 
which are much less offensive, 
here is in this Utile glass retort a solution of pot- 
in water ; I add to it a small piece of phospho- 
We must now heat the retort over the lainp, af^ 

having engaged its neck under water— you sec It 
gins to boil \ in a few minutes bubbles will appear^ 



vUch ttke fire kod deloortc u A^ ki 

Car(ji-nc, There ii 
DOS it is '. — Bui I ilo i 

JUn. B. Ii b ibe conwqwwicr cf a Aflaf of rfite' 
ides loo coinplicitcd, I fear, le b« aadB pntetfr iMd' 
Sgible lo fCU at prcMflt. 

In a few wotUv i!w redpraol meaam v( tbc potHt^ 
phMpborus, c«k>ric and water, ate Mcfc tkM mmc «f 
the water is dcooinpowd, and the bydMfire ti«nlf 
formed can tea u? mok nwMM paitariw 4f fkeifA»- 
ros, with which i ' 
a compouod i»i.k 
anj lemperataTc. 

Eitdli/. What h that circolar linic of anabc wlaek 
slowlr arises from odi bobbk aAcr iu detoastMti i 

Mrt. B. It cuuuu i£ vidxr mmJ pboapbofk add ia 
-npoDP, whicJi are praduced bj iLe CMutntKioD of tfc» 
-■-" ' n toA ptw^iAoraiia. 
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l^sAT, Hn. B,'— 1 betiere we are to learn the Mi- - 
an Mid properties of carbone. This substance is' 
qiteaew to ma ; I never heard it meniioned before. 
' Mn. B. Not BO Dew as you imagine ; for carba 
ir. wMUdb men tbui charcoal in a state of perfect p 



/ 



Carvknc, But charcoal is made, by art) Mn. B. andt 
a body consisting of one simple substance cannot be - 
fabricated ? 

Afra. B. You again confound the idea of making; 
a simple body, with that of separating it from. a com- 
pound. The chemical process by vhich a simple body 
is obtained in a state of purity, consist in unmaking the: 
compound in which it is^ contained^ in order to separate - 
from it the simple substance in question. The meth- 
od by which charcoal is usually obtained, is, indeed* 
commonly called making it; but, upon examinadoO) 
you will find this process to consist simply in separating- 
It from other substances with which it is found comln*- 
ned in nature. 

Carbone forms a considerable part of the solid mat« 
ter of all organized bodies ; but it is most abundant 
in the vegetable creation, and it is chiefly obtained" 
from wood. When the oil and water (which are others- 
constituents of vegetable matter) are evaporated, the 
black, porous, brittle substance that remains is cbar«- 
coal. 

CaroSne, But if heat be applied to the wood in or-^- 
der to evaporate the oil and water, will not the tempe* 
rature of the charcoal be raised so as to make it bum i^ 
and if it combines with oxygen can we any longer 
call it pure ? 

Mrs, B, I was going to say, that in this operation^.. 
the air must be excluded. 

Caroline, How then can the vapour of the olT and', 
water fly off ? 

Mra, Bt In order to produce charcoal in its purest- 
state (which is, even then, but a less imperfect sort of 
carbone), the operation should be performed in an earth* 
«n retort. Heat being applied to the body of the re- 
tort, the evaporable parts of tho wood will escape 
th *^ its neck, into which no air can penetrate as 
1^ he heated vapour continues to fill it. And if 

-• . iied to collect these volatile products of the: 

I . i can easily be done by introducing the neck 

f ort into the water- bath apparatus, with which 

acquainted. But the preparation of common 
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c&arc6ali sucli as is used m kitchens and manu&ctorieiir 
vi perfonned on a much larger scale, and by an easier- 
and less expensive process. 

JSmUy, I have seen the process of making common. ' 
charcoal. The wood is ranged on the ground in a pile 
be s pyramidical form^ with a fire underneath ; the 
wUe is then convered with clay, a few holes only being 
left fi»r the drculation of air. 

Mr9. B, These holes are closed as soon as the wood 
b biriy lighted, so that the combustion is checked, or 
It least continues but in a very imperfect manner ; but 
the beat produced by it is sufficient to force out and vol- 
nSktf through the earthly cover, most part of the oily 
ad watery principles of the wood, although it cannot 
nduce it to ashes. 

Mmihf. Is pure carbone as black as charcoal ? 

Mra, B* The more charcoal is purified, that is to 
ttf, the nearer it approaches to the state of simple 
CttboDe, the deeper its black colour appears ; but the 
Utmost efforts of chemical art, are not able to bring it 
to its perfect elementary state ; for in that state it is 
both colourless and transparent, and as diiferenl in ap- 
pearance from charcoal as any substance can possibly 
be. This ring which I wear on my finger, owes iis bril- 
bacy to a small piece of carbone. 

Caroline, Surely you are jesting, Mrs. B. 

Emily. I thought that your ring was diamond l 

Mtm. B, It is so. But diamond is nothing more than 
cirbone in its purest and most perfect state. 

Emily. That is astonishing ! Is it possible to see 
tVD things apparently more different than diamond and 
charcoal f 

Caroline. It is, indeed, curious to think that we 
adorn ourselves with jewels of charcoal ? 

Aft-*, B. When you are better acquainted with the • 
nakiire of chrystalization, in which state bodies are gen- 
erally the purest, you will more readily conceive the 
poBubility of carbone assuming the transparency and 
Mlliancy of diamond. 

There are many other substances^ consisting chiefly 

L '^ 
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ofcarbone, that are remarkable white.. Cotton, ht k^ 
stance) ia almost wholly carbone. 

Caroline, That I own, I never could have imagui- 
ed !— But pray, Mrs. B. since it is known of what sub- 
stance dianoond and cotton are composed, why should 
they iiot be manufactured, or imitated, by some chcm* 
ical procesB) which would render them much cheaper 
and more plentiful than the present mode of obtaining 
them ? 

Mrs, B. You might as well my dear propose that 
we should make flowers and fruit, nay perhaps eveo 
animals by a chemical process ; for it is known of what 
these bodies consist, since every thing which we are 
acquainted with in nature, is formed from the various 
simple substances that we have enumerated. But you 
must not suppose that a knowledge of the component 
parts of a body will in every case enable us to imitate 
It. It is much less difficult to decompose bodies, and 
discover of what materials they are made,- than it is to 
recon)p>ose them. The first of these processes is call^ 
ed analysisy the last synthema. When we are able to 
ascertain the nature of a substance by both these me- 
thods, so that the result of one confirms that of the 
other, we obtain the most complete knowledge of it 
that we ai*e capable of acquiring. This is the case 
with water, with the atmosphere, with most of the 
oxyds, acids, and neutral salts, and with many other 
compounds. But the more complicated combinations 
of nature, even in the mineral kingdom, are in gene- 
ral beyond our reach, and any attempt to imitate organ- 
ized bodies must ever prove fruitless ; their formation 
is a secret that rests in the bosom of the Creator. You 
therefore, how vain it would be to attempt the form- 
of cotton by chemical means. But, surely» we 
DO reason to regret our inability in this instancOf 
Ij m nature has so clearly pointed a method of obtaio- 
f ^ in perfection and abundance. 

oroline, I did not imagine that the principle of 

<x>uld be imitated by the aid of chemistry ; but it 

V to me ridiculous to suppose that chemists 

perfect imitation of inanimate nature. 

'hey have succeeded m vVvv& v^vai in a 
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: but, M you justly obMnre, iha 
pjiBciplii of IUe» or even the minute and intimttte or- 
of tiw vegeuMe kin(^k>m« are Mrcreta that 
ilif cludetl the researches uf philoso- 
do 1 imagine that human art will ever bo 
€if iavcaUgating ibem with complete hurceM. 
But cfiamomi* since it consists merely of one 
irganiaed substance* might bO) one would 
pciicctly imtuMe by art f 
M. it ii sometimes as mu^'h l^eyoml our |Kiwrr 
iple body in a stAte of perfect purity, as it 
ooropUcated conibtnaiion ; fur the o|ieru« 
bf vidch natui^ decomposes bodies ure fietpieiit- 
If as ininuiable as tliose which she uses for their com- 
This is the case with curlMme -, all the cf- 
diemists to srparute it entirely from oilier kuli* 
have been fruitless, uiul in the purest Matr in 
it can be obtained by art, it still iTiuins u \hm lion 
of oaqrgeiii and probably of some other foi-eivfii in^re- 
liaMa. It ia in the diamond alone, os 1 have ohsurvnl 
btiMnob Ihatcarbone ii supposed to exist in i*s pci fci t 
fimn t ifo are ignorant of the meuns which niitine i*ni- 
ploya tB' bring it to that state ; it may pmlmbly lie the 
work-of agesi to purify* arrange, ond unite the parti- 
cloa oC carbone in the form of diamoiHi. AncI wiih re- 
gard ID our artificial cat bone, which we cull charcoal, 
1MI moat consider it as an oxyd of carhtMic ; since, what- 
ovor mayi be the means employed fur obiuininfi; it» it 
alwtfa retaina-a small i^rtion of ox\gen. Here is 
aome charcoal in the purest state m'c cun procure it i 
yoo aeo that it ia a very black, briule, liKlit, porous 
sobatancoi entirely destitute of cither taste or smell. 
Ueati without air, produces no alteration in it, as it is 
not irolatile ; but on-the contrary, it invaiiuhly remains 
at' tho bottom of the vessel after all the other parts of 
the vegetable are evaporated. 

J&ndly, Carbone is, no doubt, combustible, since 
yOQ tay that charcoal would absoib oxygvn if uir wus 
admitted durinji^ its preparation ? 
. CtanUne. Unquestionably. Besides, you know, En 
VLj^ how much it is used ia cooking. But pray what i 
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the reason that charcoal bums without tmoke, wbflk » 
wood fire smokes so much ? 

A/rt. D, Because, b the conversion of wood inlD 
charcoal, tlie volatile particles of the former have bcca 
eva|K>rated. 

Caroline. Yet I have frequently seen charcoal butn. 
with flame ; therefore it must, in that casCf ccMttua 
tome hydrogen. 

Mrt. B. Very true ; but you must recollect that 
charcoal, especially that which is used for commoa 
purposes, is very far from being pure. It generally re* 
tttiiiH, as wc have seen, not only a small quantity of 
oxygen, but also some remains of the various cAber 
component parts of vegetables, and hydrogen partka- 
larly, which accounts for the flame in question. 

Caroline. But what becomes of the carbone itielf 
during its combustion ? 

MrM. /i. It gradually combines with the oxygen of' 
the utmoHphcrc, in the same way as sulphur and phos- 
phoruH, aiul, like those substances, it is converted iota ' 
u peculiar acid, which flies off in a gaseous lbrm» - 
There is this diflercnce, however, that the acid is noty ' 
in thiw instance, as in the two cases just mentioned, m ' 
mere condensable vapour, but a permanent elastic fluid* 
which always rcnutins in the state of gas, under any- - 
pressure and at any temperature. The nature of thisi 
ucid was last ascertained by Dr. Black, of Edinburgh ; * 
and, before the introduction of the new nomenclature^ 
it was culled ^Y'c/oir. It is now distinguished b]!( the-'^ 
more appropriate name of carbonic acidgaa, 

Junily. Carbone, then, can be volatilized by bum-* ; 
ingi thou(>h, by heat alone, no such eflect is produced ? ' 

Mn. li. Yes ; but then it is no longer simple ckr* 
bone, but an acid of which carbone forms the basis* 
In this state, carbone retains no more appearance of - 
solid iiy or corporeal form, than the basis of any other 
gas. And you may, I think, from this instance^ dc- ' 
live a more clear idea of the basis of the oxyeen, by* 
^^dro^^cn, and nitrogen gasses, the existence of which* • 
^^torcul bodies, you seemed to doubt, because they wcre> 
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jAmAjf. That is true ; we may conceive tliJB Uius of^ 
the oxygeny and of the oth^r gasses, ta be solid, heaty 
Bubstancesy like^carhone ; but samuch expanded by ca- 
lorici as- Id become invisible. 

Carolme. But does not the carbonio acid gas partake' 
of .the blAckness of charcoal ^ 

an. B. N^t in the least. Blackness, you knowi 
dM not appear to be essential to carbone, and it is pure 
Qubonei aod not charcoal, that wo mutt consider as 
tha bsna oE carbonic acid^ We shall make some car- 
tanc addf aDd,in order to hasten the process, we shall 
km the carbone in oxygen gas. 

EmUif* But how can you make carbonic add, unless - 
pn can bom diamond ; since that alone is pure car- 

i§r%* J9: Charcoal will answer the purpose still bet- 
ter : for the ^rbone being, in that statei already com- - 
Used with some portion of oxygen, it* will require less of • 
tht principle'to complete its oxygenation* - 
Cai-oHne, But is it possible to bum diamond ? 
M"*. B, Yes, it is ; and, in order to effect this com- 
hsdon, nothing more is required than to apply a sufR- 
cient degree of heat by means of the blow-pipe, and of ' 
iitteam of oxygeo^ gas. Indeed it is by burning dia- 
isond that its chemical nature has been ascertained. It * 
iikmg since it has been known, as a combustible sub- 
ttmcey but it is within these few years only that the 
poduct of its combination has been proved to be pure 
strbooic add. This discovery is due to Mr' Tenant. 
But' stin more recent experiments have shown, that ' 
dbmond requires a greater proportion of oxygen than 
charcoal to be converted into carbonic acid. It appears 
that 15 parts of diamond require 85 parts of oxygen to 
form 100 parts of carbonic acid ; whilst 28 parts of char- 
coal take up only 72 parts -of oxygen to produce tOO 
parts of carbonic acid ; from which it is naturally infer- 
red that carbone, in the state of charcoal, is already com- 
Imied with a portion of oxygen. 

Now let us try to make some carbonic acid. — Will 
yoiiy. Emily, decant some oxygen gas from this large 
jar i^t0L the receiver in which we are to bum the cap 
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lk>ne ; and I shall introduce this small piece of dnr-- 
coal, with a little lighted tinder, which will be necessa- 
ry to give the first impulse to the combustion. 

Kmily. I cannot conceive how so small a piece of; 
tinder, and that but just lighted^ can raise the temper- 
ature of the carbonc sufficiently to set fire to it ; for it 
con produce scarcely any sensible heaty and it hardly 
touches the carbone. 

Mrt. B, The tinder thus kindled has only lieat e-- 
nough to begin its own combustion, which, howevery 
soon becomes so rapid in the oxygen gas, as to raise the- 
temperature of the charcoal sufficiently for this to bura.- 
likewise, as you see is now the case. 

Emly. 1 am surprised that the combusticm of car-^ 
bone is not more brilliant ; it does not disengage near 
so much light or caloric as phosphorus, or* 8idpliar% 
Yet, since it combines with so much oxygen, why is* 
not a proportional quantity of light and heat disengaged - 
from the decomposition of the oxygen gas ? 

Mra. B. It is not ^ui prising that less light and heat 
should be disengaged in* this than in almost any other 
combustion, since the oxygen, instead of entering Into - 
a solid or a liquid combination, as it does in the phos- 
phoric and sulphuric acids, is employed in forming a-^ 
nother elastic fluid. 

Emily. True ; and on second consideration, it ap-- 
pears, on the contrary, surprising that the oxygen • 
should, in its combination with carbone, retain a suffi- - 
cient portion of caloric to maintain both substances in a.- 
gaseous stale. 

Caroline. We may then judge of the degree of so- 
lidity in which oxygen is combined in a burnt body, by^ 
the quantity of caloric libcrutcd during its combustion I 

Mrs, jB. Yes ; provided that you take into the ac» 
count the quantity of oxygen absorbed by the combus- 
tible body, and observe the proportion which the caloric 
bears to it. 

Caroline. But why should the water, after the com- 
bustion of carbone, rise in the receiver shice the gas 
Vhbin it retains an aeriform state I 
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m&t. B, Because carbonic acid gns is more densoi 
-ttid consequently occupies less spuce than oxyf^n ^% ; 
the water therefore rises to fill the vacuum lurmcd by 
the £munition of voUime of the i^as. 

CaroHne, That is very clear : und the condensation 
ofthenew'gas depends, I suppose, on the quantity of 
cdonc that has disengaj^cd. 

Mn. B, The gas must be decreased in volume, 
from that circumstance, in a certain proportion ; but 
-its density is still further increased by the addiiirm of the 
carbone. But besides this condensation, there is in our 
experiment another cause of the dinnunition ofvolumot 
"Which 18, that carbonic acid gus. by stuiiding over waiter, 
18 gradually absorbed by it, an effect which is produced 
hy shaking the receiver. 

JBmUy, The charcoal is now extinguished, though 
it is not nearly consumed ; it has such an cxt**uordinary 
wMilj for oxygen, I supix>se, that the receiver did not 
^caauan enoagh to satisfy the whole. 

JUrr. B. That is certainly the case ; for if the com- 
bustioo was performed in the exact' proportions of 28 
parts of carbone to 72 of oxygen, both these ingredients 
would disappear, and 100 parts of carbonic add would 
be produced. 

Caro&ne. Carbonic acid must be a very strong acid, 
since it contains so great a proportion of oxygen \ 

Mr%, B. That is a very natural inference ; yet it is 
erroneous. For the carbonic is the weakest of all the 
scids. The strength of an acid seems to depend upon 
the nature of its Ixisis and its mode of combination, as 
well as upon the proportion of the acidifying principle. 
Tlie same quantity of oxygen that will convert some 
bodies into strong acids, will only be suillcient simply to 
OKydate othei^. 

CoroSn^. Since this acid is so weak, I think chem- 
ists should have called it the carbonouSf instead of the 
carbofde acid. 

Mndly, But, I suppose, the carbonous acid is still 
weaker, and is formed by burning carbone in atmosphe- 
rical air. 

jUrt. B^ No; my dear. Carbone dotti xv^\. ^^* 
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fpear to be susceptible of more dian one degvdtf*!^ 
acidification, whether burnt in oxygen gas or atn^ssphe- 
rical air. -There is therefore no carbonons acid 

It has indeed been lately discovered, that carboiie'ttia]^ , 
be converted in a gas, by uniting with « smaller pro-*^' 
portion of oxygen ; but as this gas does not possess anjr 
acid properties, it is no more than an oxyd ; and in or- . 
der to distinguish it from charcoal, which contains a ^1 
smaller proportion of oxygen, it is ciHtd gaseouM ax^ , 
q/' car bone. ' 

Caroline. Pray is not carbomc acid a very whd^*, 
some Kas to breathe, as it contains so much oxygen i w 

Mrs, B, On the contrary, it is extremely peim* 
cious. OxyR:en, when in a state of combusliai with 
other substances, loses, in almost every instance ilf . 
respirable properties, and the salubrious effects which 
it has on the animal economy when in its uncombine^ 
state. Carbonic acid is not only unfit for respiratioDi but 
extremely deleterious if taken into the lungs. 

Emily, You know Caroline, bow very unwholeaonu i 
the fumes of burning charcoal are reckoned. 

Caroline. Yes; but to -confess the truth* Tdi4not \ 
consider that a charcoal fire produced carbonic 'Acid 
gas. — Pray, can this gus be condensed into a liquid ? ; V 

Mrs, B, No : for, as I told you before, it is a perma^ 
nent elastic fluid. But water can absorb a certain quan- 
tity of this gas, and can even be impregnated with-hf 
in a very strong degree, by the assistance of agitation, 
and pressure, as I am going to show you. I shall de- 
cant some carbonic acid gas into this bottle, which 1 ' 
fill first with water, in order to exclude the atmospher-L 
ical air; the gas is then introduced through the watSt*^ V 
which you see it displaces, for it will not mix with-it in . 
any quantity unless strongly agitated, or allowed to 
stand over for some time. The bottle is now. about 
half full of carbonic acid gas, and the other half is still 
occupied by the water. By corking the bottle* andi 
then violently shaking it, in this way, Icanmix4he 
and water together.— Now will you taste it ? 
!?V^. It hus a distinct acid taste. 
:olinc. Yes, ii is sensibly sour^ and appears ful 
\th bubbles. 
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Wth. lb. Tt potsesses liKewisc all die odKr pvoper- 
*An of acidM'itet of course in a Icsr decree (tianthe 
l^paiii'CarbaiM^cid gaa, as it is ao^iucli dildtcd by \va- . 

^ Tina is a kind of artKcIal !%^lizcr water. By analy*^ 
' ling that vhich is produced by natnre, it was found t4^ 
^rcoDCain Bcarcely any tVimg mure than oomnioii water 

Impregnated with ascertain propoHlSn of^carbonle acid 
H 'jptt- We arey therefore, able to iniitaie it, by mixing 
'^ialiose propOrtiona of water, and cat1)oiiic acid. Herci 
^^3^ 'fsar, k an Instahre, in which, by a chehiicul pro- 
^ caaap' we can exactly copy the operations of nauivc ; lor 

tb^fcr^dal Seltzer wMtcrs can be made in every vc^" 

pCctfllQUbif to those of nature; in one |Kihit, indeedy 
W^l fdrnier Htive an advantage, since they flftay be pre- 
' ^^led sttikger, or weaker, as occasion rcquirrs. 

CaroSftt^ I thongiht I had tasted such water before/ 

-Bat what'Yenders it so brisk and sparkling ? 
i jv^f^' ^' 'I'h'u sparkling, or effervescence, as Ji ia 
|^^4wle^9 ii' always occasioned by die acMon of an elaitic 
_ 'Md C8ci(|fing from a liquid ; in the artificial Seltzer wa- 
F'4|erj|»ia produced by the carbonic acid, which bein^ 
j| Jfott^lhan the water in which it was strongly conden- 
^'^'ndKllita'off with great rapidity the instant the bottle ia 

'tmcorked ; thU makes irtietMsary to drink it immedi- 
' jMr- The .bubbling that took place in this bottle was 
. flictriffing, as the water ,was but very slightly impree- 
^ ^/IMKcd with carbonic acid.' - It requires a panicular a^ 
^ . j^^'oB to prepare the gaseous artificial mineral waters. '• 
P' ^Vm%ii If, then, a bottle of Seltzer water remains 

.^ iny length of dme uncorked) I suppose it returns to- 
^^W^Mt^ of common water ? 

^j % Aifra. B. The whole of the caitonk acid gaS) or very 
y^ yikaAf so, will soon disappear ; but there is likewise in 

'iliplzei: ^ter a very small quantity of soda, and of a few 

other aa&ie or 'earthy ingredients, which will remain 

in the water, though it should be kept uncocked for any 
\ Ki%th of time. 

Caro&ift Fhave often heard of people drinking soda 

Watefi pray what sort of water is that I ' 

' \ M '^^ ^' 







^'doc s::bAn>:e. cafecd sodh which imputt lo-ihe «l» 

C^r^Mf . Ej: bc-s GMi tboe vaien be ao whdle*.^ 
■cmev Mce arocoic add b lo pcnickoi ? 

j^3dfeiil to bffcKbe« naT be'bc&e&cul to the «omiirhi ^ 
^«::c«»ikibe€if couic:oancmjxezplaiiiingthisiiio9 ^ 

'St^i.'^^f. Are w.:ea xxTrr iBpregaiied vith othcP 

Jl/n. £. Yes ; *J:ere are levcnl kinds of gaagns 
Fa:en. I lb: got :o telL yco ;h^ warns haie for some 



years pasfWcn prepared, imprvgnaicd both vnth oiQ^rJI 
gen azxi hfdrogcn gasscs. These are net ao in itadaV^ 
of nature, but are a^;o]^ther cbtjincG br ..nifia^l meam^ 
Tber haTe Seen lately used mediciriully, panicuLuly* 
' hbrcad, where, I v,r.dt7%:^ai, thcr have acquired ||op\<B , 
repotatioo. ^ <l 

^au'V. If I recollect n:: !.t. \:rs. B you |p|d U^ j£d - 

^arbone was capable cf cecompcidn;r wa:er ; the jaffin^.- j 

ity between oxygen utA cailooe ini.sl therefore t|^ 8?^^^^ J 

cr than between oxygen anc hyc'rc^en? ?^*^ 

jVr«. Zf. Yes ; bu: this is r.oi the case nr^ess their 
ten:peiature be ni&ed u> a ccitani cegre«L. It is -CBb 
when car bone is red hot* that it Is ^paBfe cf sepVP ^ 
ting the oxygen from the hyAogcn. Thus, if a aAU \ 
qiiitmity of water be thrown on a red hot fic%, k wilToi- . 
ciease, r&fher than extin,ji:i:sb the combustioft ; ibr the')| 
cojIs or wood (both of which cog^u a great quantitj;. 
of Carbon e) decompose the wdter. and thus supply the^ . 
Arc both with oxygen and hydrogen passes. If^ on tlw .. 
contrary, a large mass of ^ater be thrown over the SJff ^ 
tiic (.I'^ninutioo of beat thus produced i^ such thtt {ho '*" 
^o.ii!ris:ioIe matter loses the power of dccomp^wing tbe 
'A'u'cf, and the fire is exlinguiahed. 

Afffl/. I hdve heard that fire engines sometinei 
i'.'.t uvtic harm thun good, and tlut they actually increase & 
tnc lit ft when i^ey cannot throw water enough to ex- ^ 
t ■;; ,'} t!j it. It must be owing no dcubt| to the deo9ti^ .. - 
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W. B^ ISertaihIyd— The apparatus which you see 

liere f-Pftte VIH. Fig. iO J may be used to cxtmplif/ 

p wiiat we Have just said Ic consists in a kind of open 

f famaeet thrMtoh which a porcelain tiil>e, containhis 

^ ctarcoal, paSHf. To one end of the tube is vduptsd » 

p fi^iasa retort with water in it ; and the other end com- 

Jnunicatea with a receiver placed on the wuier biith. A* 

lamp beings appjicd to the retort, and the wuter made 

to bioUy the v^our is (gradually convcytd tlircu^h tlic 

red JloC charcoali by which it it decomposed ; and tlie 

Kydregen gas which results from this decomposition is 

c^lect^ in the receiver. But the hydiogen tluis ob- 

wtaiDed n far from being pure ; it rctuins in solution a 

^^kunute portion of carbone, and contains also a quantity 

vf carboiifie acid. This renders it heavier than pure 

lijrdrogcn gas, and gives it some peculiar properties : 

it li diatinguished by the name of carbonated hydrogen 

■^aroSne. And whence does it obtain the carbonic 
..tdd that is mi:ced with it. 
'• JSmiiif, I believe I can answer that question. Caro- 
mt d From the union of the oxyg;en (proceeding from 
tho^scomposed waiqr) with 'the curbone, which, you 
Jjtfk makes carbonic acid. 
^ ^^^arotine. Tine ; I should have recollected that.— 
k *S^ product of the decomposition of water by red hot 
b dArcoali therefore, is carbonated hydrogen gas and 
' earfoonic acid gas. 

< ^^fr*. JB. You afift perfectly right now. 

^^rbo^is frequently found combined with hydrogen 
Ui a state of solidity, csi)ecially in coals, which owe 
4kair combustible nature lo these two principles. 

SSfe/y. Is it the hydrogen, then, that produces the 
ffame of coal^?*' 

Afr*. jB. It is so ; and when all the hydrogen is 
(Bmsumed, the carbonc continues to burn without flame. 
' Bat again the hydrogen gas produced by the combus- 
tion of coals is not pure ; for, during the combustion^ 
pjartiete^ carbone are successively tohliUz^d nn'\\V\vV% 
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hsrdrogeR} with wbkh they form whaib^iall^'^^^^f^'^'^'^^ 
carbonate^ which is the essential. com Wtioii. ' \ 

Carl)ane is -a very baid condbctor of heat ; for i\A-. 
reason it is employed (in conjunction with other ingp^edi'^ 
ents) for coating furoaces %Bd other chemical appaiatus. % 

£anily%~ Pray what is the u?e of coating furnacea ? ^ 

MrM^ B. In tnost cases, in which a fivnace ib utod^ .^ 
it is necessary to produce and preserve a^reat degree \ 
of heat, for which purpose every possible means are 
used to prevent the heat from escaping by communica-- . 
ting with other bodies, and this object is attained bf ^ 
coating over the inside of the furnace with a kind of 
plaster, composed of materials that are bad conductors . 
of heat. 

Caibone combined with a small tfuantity of iroD) form^- 
a compound called plumbago, or black 'fMPi||: of whicli'. 
pencils are made. This substance, agret^y to ti|0- 
Domenclature, is a carburet of iron, 

Caroline^ Why, then, is it called black lead ? 

M-a, B. I really cannot say ; but it is certainly a most ^ 
improper name for it, as tliere is not a particle of lead ' 
in the composidon. There is another carburet of irotv^ 
though united only to an extremely small proportiou^ 
of carbone^ acquires very remarkable properties ; thi^ 
is steel. 

Caroline, Really ; and yet steel is much harderlhto^ 
iron? * 

Mra, B, But carbone is not ductile, like iron, end 
therefore may render the steel more brittle, and pre- ~\ 
vent its bending so easily. Whether it is that the car- 
bone by introducing itself into the pores of the iii|ni 
aiid by filling them, makes the metal both, (tardef^llind 
heavier ; or whether this change depeuds tipon somtf 
chemical cause, I cannot pretend to decide. But tlvere 
is a subsequent operation, by which the hardnees of . 
steel is very much increased, whicH simply consists in. 
heating the ^eel'till it is red hot, and then plungiog it _ 
into cold water« r /^ 

Carbone besides the combination just mentiobedf en« 
ters into the composition of a vast number of natural 
productions, such^ fi>r instance, as all the vatious kinds 
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of loihi whidlMaalt froiA the combination of carljonet 
liydrogeBy- and q||loric, in various proportions. 

Jgn<<y, I thought that carix)ne, hydrogcni and ca- ,^ 
j|iufitt fixriaed carbonated hydrogen gas ? 

JMfc ^. That is the caae when a email portion of 
caiboDic add gas is held in aoliMion by hydrogen f^. 
SiSbrent propOTtions of the same principles, together 
^ with the drcumitaDces of their union, produce rery 
diffiBTOOC cofldbinationa ; of this you will sec innumera- 
ble exanplea.* Besides we are not now talking of gas- 
\ aeS| hut df carbooe and hydrogen, combined only with 
« qnanli^W caloric sufficient to' bring them to the con- 
"> flteencf of oil or &t. 

Cariumi- But the oil and fat are not of the same con- 
fAtancel'* ^ 

JIAv. J7^ .rFat 18 only congealed oil ; or oil, melted 

fit, TfaeMno requires a little more heat to maintain it 

ia a fluid atate, than the other. Have you never ob- ' 

oervod the &t of meat turned to oil by the caloric it has 

i imlubed.fFom the fire ? 

r ,MmUy. Yet oils in general, as salad oil, and lamp oil, 

do lyot turn to faft when cold \ 
JV^ ilm. B. Not at the common temperature of the at- 
f! ^nosphere^ because they retain too much caloric to con-» 
geal at that temperature ; but if exposed to a sufficient 
' dagree of cold, their latent heat is extricated, and they 
lybAome solid fat substances, llave you never seen sal- 
^'ad ixl frozen in winter ? 

g^ £mily. Yes ;'butit appears to mc in a state very dif- ; 
BHimnt from animal &t. 

' <Jllfr9, Br The essential constituent parts of cither 

'^glMjU^ or animal oils are the same, carbone and hy- 

il|age^ the variety arises from the different propor- 

tiotoa V these substances, and from other accessary in- 

^fedients that may be mixed with them. The oil of a 

tvhfdei -and the oiir of roses, arc, in their essential con- 

stitiient parts, the same; but the one is impregnated 

wBth the offensive particles of animal matter, the other 

^ with the delicate perfume of a flo\Ter. 

W' The difference o^ fixed oilsy and vokitile or tssaitial 

•fl% conaiat also in the various pi*oponioT\s o^ cx^Wv^ - 
r M 2 . 
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aiid hyd ^ogirn. Fixed oiUj^ tkose wliL[j)^iU.pot eTAp«» 
'^' orate without being decomposed ; thKi^ tbe^inse «Mi 
all common oils, 'which, contain a gres&er propdrtjpn of 
carboQe than the ess^ti^piU. The essehl^- <nl^ 
(which compr^end the lihpif'plafs of essencw-temd^ 
perfumes) arer'liEhtei'^' they contain more equal pro- 
portions of carbone and hy4>^t>S^i^) ^^^ ^^ volatilized or 
evaporated without biang decompoised. 

Ermty, When you say that one kind of oil will eTai> 
orate) and the othev be decomi^sedy |edu mean, I sup- 
^ pose, by the applicj^pn of heat ? 

Jl^lt. B, Not Necessarily; for dtere iA oils that 
^^will evaporate slowly at the common temperature oh a 
the atmosphere ; but for a more rapid voldt&iEation, or 
for their decomposiiioo, the assistance of heat-ia^requir- 
<»d. ^... ^... '' 

CqtoIv^. .1 shall fiQwr remember, I think, that &t 

'fViuid oil. are really the same substances, conusung both 

of carlxme and hydrogen \ that in &ced oils the carbone 

^ preponderates, and heat produces a decomposition ; 

^ while, in essential oils, the proportioA of hydiogen is 

greater, and heat produces volatilization only. ^ 

Emily^ I suppose the reason why oil burns sd^vell 
in lamps, is bepause its tv^o constituents are so com- 
bustible I 

Mrs. B. Certainly ; the combustien of oil is jtgt ' 
the same as tlifiit of a candle ; if tallow, it is only m M 
in a concrete state; if.vfax^ or spermaceti, its chief^ 
chemical ingredieifts've still 4)ydrogen and carbone. 

Emily. I wonderj theii) there should be so great a'^ 
difference bet ween^tallow and wax ? f . 

Mr9. B, I must again repeat that the same Ba^tan^ 
CCS, in different proportions, produce results th|k haw' 
sometimes scarcely any resemblance to each' ithef. 
But this is rather- a general remark that I wish to im- 
press upon your mind, than one which is applicable to 
I he present case ; for tallow and wax are far from be- 
in (^ very dissimilar ; the chief difference consists in 
the wax being a purer compound of carbone and hy- 
_ thogcn than the tallow, which retains more of the 
fl| gros'i particles of animal matter. The combustion of 
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^^pndlei And ^t of a lani||^both produce water and 
c^lpnic acid gas. Can yo^tcil me how these are 
iarmffj i 

% £nAjXet me think Both the candle ami 

^mp bS/nby meaaa of fixit oU^-Hlu^ is clecoinposcci 
u the cofntnistion goes on ; iii| the ooMiiiucnt parii 
«f the oil being thus sep^fleA titc curljonc ur.iics to 
a portion of oxygen from the atmosphere to iui m car- 
boiuc acid ^^as, whilst the hydrogen combines with 
another poition of oxygen, and forms with ic water. 
The praductSKtiierefbre, of the combustion of oilti are 
wafer and'oarftonio acid gas. 

Cerodiifr. But we see uciihcr wat^r nor cai!>onic a* 
ttd prodaoed by the combustion of a cabdie ? 

Mr9^J^, The carbonic acid gus, you 1;no\v is in\isi- 
UCf and the water being in u stdie of vapour, is s^j like* 
wise. Emtfy^is perfectly correct In tier cx[jluiutiony. 
and I ain y ry much pleased with it. 

All the vegetablAsKids consi-t of varioit* proportions. 
of carix>ne and hydrogen, acidititd by oxygen. Churns, 
mgarj and sta^ph, are likewise composcc! of these in- 
gredients ; but a» the oxygen which they contain i i : /;t 
aufiBrjent to convofl them into acids, they are ciuoiLd 
with theoxyds, and called vegetu1)!c oxyds. 

Mmily. I am very much dclii^hted ^vith all these 
new Ideas ; but at the same time, I cannot help being 
ll^^ipprehmaive that I may forget many of them. 
W ^ Mm^ B, 1 would advise yon to take notes, or, v.hat 
.f. wol^'inswcr- better still, to write down, after every 
^- leaBODf. as iiuch of it as yoQ can recollect. Aiid, in« 
enler to give you a little assistance, 1 shall lend you 
V^ feK^ or index, which I occasionally consult for 
^ibe ulce.Qf preserving some method and arrangemeijt 
fh thffk conversations. Unless you follow some such 
pla9|-you cannot expect to retain .nearly all that you 
^ )eani, how great soever be the impression it may make 
on }ou at first. 

Kmily. I will certainly follow your advice. — Iliihcr- 

■- to I have found that I recollected pretty well what you 

liave taught us \ but the history of carbone is a Hiorc 
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estensive subject than aajr, of the simple bodies yrm 
have yet examined. ' ' -J. ' 

Mrs. B. I have littte more to say on carbone at pre-* 
sedti but hereafter you will see that it performs!? coiS*^ 
siderable ^t in roost ehesiMcal operations. 

Caroline, ^at is, i wppose, owing to its entering: 
into the composition of so great a variety of substances I- 

Mrs, B. Certainly; it is thebasisf you^have qeen, 
of all vegetable matter ; and you will find that it is very 
essential to the process of animalization. But in the min- 
eral kingdom also, particularly in its form of carbonic 
acid) we shall -^ten discover it combined with a gneat- 
variety of sutiist&nces. • ''^■ 

In chemical operations^ cai*bone is particularly use-** 

ful, from its very great attraction for oxygen, as it -wi^ '- 

absorb this substance from many oxygenated x» bnnit ^ 

, bodies, and thus deoxygenate, ov unburn them, endWs-- 

""lOre them to their original state.' ^ 

Caroline, I do not understand how a bod/ can be ' 
tilihumti aud restored to its original state. This piece • 
. of tinder, for instance^ that has been burnt, if by any - 
' means the oxygen was extracted from it, would not be - 
restored to its former state of linen ; for its texture is 
destroyjgd by burning, and that must be the case vdth' 
all organized or manufactured stibstances, as you obser- - 
'■ ved in a former conversation* ■ * i 

Mrs, B, A compound body is decompose by-com^'^- 
bustion, in a way which generally precludes the J^ssi- . 
bility of restoring it to its former state ; the oxygen, for * 4 
instance, does not become fixed in the tinder, but it t 
csDmbines with its volatile parts, and fiies off in the 
shape of gas, or watery vapour. You see thj^for^y- 
how vain it would be to attempt the recomposition of 
suich bodies. But- with regard to simple bodies, or at ^ 
least bbdies whose constituents are not disturbed by the 
process of oxygenation or deoxygenation, it is often - 
possible to restore them, after combustion to their ori- 
ginal s-tate. — The metals, for instance, undergo no oth- 
er alteration by combustion than a combination with - 
oxy^an ; therefore, when the oxygen is taken from 
*»iem, they return to their ptire metallic state. Butl> 
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A«irta]r OBrtiing further of this at prcscnii ai the me^ 
tah win furnish ample subject for another morning ; and 
Xbej are the class of simple bodies that come next ww 
iiar oar conaidoration. 



€Ont)er0ationix.. 

On Jiktala. 
1^ Mr: B. 

The metalF, which we are now to examine, arr* 
todiea of ^rious different nature from those which we 
Inve hitherto considered. They do not, like the ele» 
-neiita of gassea^ elude the immediate observation of ^ 
our senses ; for they '^^ the most brilliant, the moat 
pGoderouai and the moat palpable substancv;s in nature. 

Caro&nem I doubt, however, whether the metals WiK 
appear to us «o interesting, and give us so much enter- 
JvnmfDt as those mysterious elements which conceal 
ilnjinnf|i# fi^m our view. Besides, they cannot af- 
i>rd s^.lpiuch horellf ; they arc bodies wiih which we 
are already<io well acquainted. 

Mra^.B, . But the acquaintance, you will soon per* - 
d^iUfy is but very superficial ; and 1 trust that you will 
fioitf JVDtb novelty and entertainment in considering the 
iBeta|f;iei'a chemical point of view. To treat of this 
aiibje^fafAfUy, would require a whole course of lectures ; 
for nietais form of themselves a most important branch 
of practical chemistry. We must, therefore, confine-! 
ourselves to a general view of them. These bodies* ' 
are seldom found naturally in their metallic form ; they. 
are generally more or less oxygenated or combined with 
aulphur, earths, or acids, and are oi\en blended whh j^ 
^ob. Other. They are found buried in Ahebo'Mt\&^M^ 
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tfie earth in most parts of the globe, bat c1]%fiy uV^'J 
inountaneous districta^ vrhere the surface of the globe 
has suffered from earthquakes, volcanoes, and other ' 
convulsions of nature. They are ther& spread in strata 
of beds, called veins, and these veins are composed of 
a certain quantity of metal, combined with various-' 
earthy substances, with which they form minerals of- 
different nature and appearance, which are called ore; 

Caroline. I am now amongst old^acquaintance, for' 
my father has a lead mine in Yorkshire, and I have ' 
heard a great deal about veins of ore, and of the roast" ■ 
ing and emetiSng of the lead ; but, i confess^ thaf^do-' 
not understand in what theae operaiions consist. '^ 

Mrs. B. Roasting is the process by which the voja-' 
tile parts of the ore are evaporated ; tinelting, tju/^Bf' 
which the pure metal is afterwards separated fn^^he 
earthy remains of the ore. This is done by th|5Wing ■ 
the whole into a furnace, and mixing with it certain 
substances, that will combine with the earthy parts, and 
other foreign ingredients of the ore ; the metal being 
/'; the heaviest falls to the bottom, and rims out by proper ' 
X>penings, in its pure metallic state. 

JLndty. You told us in a preceding lesson that me-' 
tals had a strong affinity for oxygen. Do they notf 
therefore, combine with oxygen, when strongly heated 
in the furnace, and run out in the state of oxyda \ 

^1t%. B. No; for the scoriae, or oxyd, wwchfaoon 
forms on the surface of the fused metal, whto it is 
oxydable, prevents the air from having any further in- 
fluence on the mass ; so that neither combustioa^r^ 
oxygenadon can take place. ^^ 

CaroUne, Arc all metals combustible ? " ^^ 

Mrs. B. Yes, without exception ; but tb^r«tra(> 
tion for oxygen varies extremely : there are^jbme that 
will combine with it only at a very high temperaturei 
or by the assistance of acids ; whilst there are others - 
that oxydatc of themselves very rapidly, even at the 
lowest temperature, as mangenese, which scarcely 
ever exists in its metallic state, as it immediately absorbs 
oxygen on being exposed to the air, and crumbles to aa 
^xyd in the course of a few hours, , . 



jjk 'Sntfjf^ 1m it not from that o>:) J iliat you exti acted 
^thc oxygen W f •:- 

P^^ MrM.B. It is ; io tlut, you see, this nietal attracts 
jPsygen it a low temi)craiure, aitd paiib with ii when 
strongly heated. 
J. . £tmly. Is there any other metal that oxydaiet at i!ic 
-temperature of the atniosphere ? 

Mr«. B, .They all do, more or kssy excepting gold, 
ailTeFi andDlaiina. 

Coppej|« if^ and iron, oxydute slowly in llic air. :::.d 
cover ll^0mTea wiili a son of rust, a process which 
. deMpjfi-Qp the gradual conversion of the suifacc into 
^ an^iqrd^jrbis rusty surface preserves the interior 
jiielal,in>il|6xygenation, as it prevents the air from com- 
_ _ it with it. Strictly speaking, however tho 

rord fust applies only to the oxyd, whic!i forms on the 
surfiice.af iron, when exposed to air and moist u re, 
vhich bxyd appears to be united with a small ^lortion 
of carbonic acid. 

AttUif When metals oxydate from the atmosphere 
VjHrithout an elevation of tcnipcruture, some light and 
(teat, I sup]x>se, roust be disengaged, though nut in suf^ 
Relent quandties to be sensible 

j^jf. Mr9, B, .^Undoubtedly : and, indeed, it is not sur- 
' priung that in this case the light and beat should not 
be'aeniiiblei when you consider how extremely slowy 
!^ and) ind|a4i how .imperfectly, most nieiuls oxydate 
by me^ exposure to the atmosphere. For the quan- 
tity pf oxygen with which metula arc capa!)le of com- 
p, ;. Generally depends upon their temperature; 
absorbtion stops at various points of oxydation, 
to tlye degree to which ibeir ten^peraiure is 




^' ^^Eaaljf,^ That seems very nat 
^ tl^ quafitity of caloric introduced 



itural ; fer the greater 
into a metal, the fur- 
ther lla'^irticles are separated from one another, and 
4he more easily, therefore, can they attract ilie oxygen 
^ aijd. combine with it. 

f.MtM, B, Certainly ; and besides, m proportion as 
.*^ie resistance diminishes on one hand, the affinity in- 
, jcrease^ fjxk the other, \yhen the metal oxygenates 
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*^h sufficient rapidity for light and heat to becoflie ieti- ^ 
siblet cbmbusdon actually takes place. But this hap* 
pens only at very high temperatures, and the product ^* 
is nevertheless and ozyd ; for though, as I have just sai^ 
metals will combine with different proportions of oxy- 
gen, yet, with the exception of only five of them, they > 
are not susceptible of acidification. - 

Metals change colour during the different degrees ot 
oxydation which they undergbu Lead, when heated in 
contact with the atmosphere, first becomes grey ; it its 
temperature be then raised, it turns yellow, and a still 
stronger heat changes k-to red. Iron becomes succes- 
sively a green«bn>wn, and'wbite oxyd. Copper chang- 
es from brown 1o blue, and lastly green. 

Emily. Pray, is the white lead with which house#t'/^ 
■are painted prepared by ox) dating lead ? 

Mrs, B. Yes ; almost all the metullic ozyds are 
-used as paints. Red lead is another oxyd of that me- 
tal. The various sorts of ochres chiefly consist of iron 
more or less oxydated. And it is a remarkable circum- ^ 
stance^ that if you bum metals rapidly, the light or flame"^ 
they emit during combustion partakes of the colours 
which the oxyd successively assumes. 

Caroline, How is that accounted for, Mrs« B. ? Fo*'^ 
light, you know, does not proceed from the burning 
body, but from the decomposition of the oxygen gas ? 
I hope you bave a satisfactory answer to give me, for 
I am under some appreheusions for my fivourite theo- 
ry of combustion ; and for the world I would not h^ve ^ 
it overthrown. - 'S^ 

Mrb, B Do not be alarmed, my dear; I do not 
think it was ever supposed to be in danger from thU cfr* 
cumstance. The correspondence of the colour of thc^ • 
light whh that of ib.e oxyd which emits it, is, in all pro^" 
bability, owing to ifome particles of the metal which arc 
volatilized and carried of by the caloric. 

Caroline^ Is this then a sort of metalic gas. 

Einily. Why is it reckoned so unwholesome, to* 
'lireathe the air of a place in which metals are meltih'g ? ^ 

Mrs, n. For this double reason, that most metals^ ' 

melting oxydate more or less at their surface^ and 
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'llbeTeby dimiiiisli the purity of the air ; but move es- 
pecially because the particles of the oxyd that are volt- 
tifited by the heat, aiid breathed with the air of the 
loom are very noxious. This is particularly the case 
inth lead and arsenic. Besides the lar{;e furnaces that 
tre required for these fusions, contribute ulso materially 
to liter the salubrity of the air in those places whci*c 
the process is carried on. 

I must shew you some instances of the combustion 
/oFtkietals; it would require the heat of a tuinace to 
\ Dike them bum in the common uir, but if \sv supply 
. ^Qtem with a stream of oxygen gas, we may eaaily ac- 
(iraplishit. 
Caroline. But it will still, I suppose, be necessary 
. Id Bome degree to raise their temperature ; fm* the oxy- 
gen will not be able to penetrate such denee sul)st&nceS| 
unless the caloric forces a passage for it. 

Mira, B. This, as you shall sec, is very easily done, 
particularly if the expeiiment be tried upon a small 
icale^— I beg^n by lighting this piece of chaicoal with 
the candle, and^ then increase the rapidity of its com- 
IxutJon by blowing upon it whh a blow-pipe. (Plate 

Emily. That I do not understand ; for it is not eve- 
'ry kind of air, but merely oxygen gas, that produces 
combustioii. Now you said that in breathing we in- 
Bpred, but did not expire, oxygen gas. Why, there- 
fire, should the air which you breathe through the 
biow-pipe, promote the combustion of the charcoal ? 

Mira. B. Because the air, which has but once pass- 
ed through the lungs, is yet but little altered, a small 
portion only of its oxygen being destroyed ; so that a 
great deal more is gained by increasing the rapidity of 
the current, by means of the blow- pipe, than is lost in 
consequence Of the air passing once through the lungSj 
as you shall see-^ 

PLATE IX. 

FSg; fti. Igniting charcoal with a taper and blow-pipe. Fig. 
SSi Cembnttion of metali by means of a blow-pipe CCfQNr)\xiQ ^ 
uraua of ox/gen gas from a gas-holder, 

N 
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Einily, Ycs> indeed; it makes the charcoal bum 
inuch brighter. 

Airs, B, Whilst it is red hot, I shall drqp some iion 
filings on it| and supply them with a current of oxygen 
gas, by means of this apparatus (Plate IX. Fig 22.J- 
whlch consists simply of a closed tin cylindrical vessel, 
full of oxygen gas, with two apertures and stop cocks, 
by one of which a stream of water is thrown into thfc 
vessel .through a long funnel, whilst by the other the 
gas is forced out through a blow-pipe adapted to it» as 
the water gains admittance. — Now that I pour water 
into the funnel, you may bear the gas issuing froni the 
blow pipe— I bring the charcoal close to the curreoti . 
and drop the filings upon it.— • 

Caroline, I'Tiey emit much the same vivid light as 
the combustion of the iron wire in oxygen gas. 

Affs. B, Tlic process is in fact, the same ; thero 
is only some differience in the mode of conducting it. 
Let us burn some Un in the sante manner-<-you see 
that it is equally combustible— -Let us now try some -cop- 
per— . 

Ca^'oline. This bums with a greenish flame ; it is I 
suppose, owing to the colour of the oxyd ? 

Mmily. Pray, shall we not als»o biirn some gold ? 

Mrs, B. This is not in our power, at least in this 
wfLy. Gold, silver, and platina, are incapai)le of being 
oxydaled by the greatest heat that we can produce by the 
common method. It is from this circumstunce that ■ 
they have been called pei feet metals. Even these, howe- 
ver, have an affinity for oxyp;en ; but their ox)dation op 
combustion can only be pci formed by means of elec- 
tricity. The spark given out by the Galvanic Pile pro- 
uuccb in the point of contact a greater degree of heat 
than any other process ; and it is at this very high tem- 
perature only that the affinity of these metals lor oxygeii 
will enable them to act on each other. 

1 am sorry that 1 cannot shew you the combustion of 
the perfect metals by this process, but it requires a con- 
Rulcrable Galvanic Battery. You will, howcvir, see 
thciic experiments performed in the most perfect maD* 
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nerf when you attend the chemical lectures of the Roy- 
al Institution. 

Caroline. I think yon said ihiit the oxyds of metah 
coold be restored to their metallic state ' 

Mr^, D. Yes ; this is called n-viving a metal. Me* 
tals are in g^eneral capable of bcin}; revived by ciuircoalf 
when heated red hot, charcoal havinf];, at that temiiera- 
ttirey a greater atiractioii for oswv^en than the metals. 
Tou ne^ only thci'cforc, decompose, or unburn tlie ox- 
yd, by depriving it of its oxygen, and the metal will bo 
restored to its pure state. 

JSmty, But will the an bone, by this operation, Lo 
burnt, and be converted into caibonic acid \ 

Mr9, B, Certainly. There tnc other combustible 
substances to which metals at a high teni|)eraturc will 
part with their oxygen. They will also yield it to each 
other, according to their several degrees of attraction 
for it ; and if the oxygen goes into a more dense statu 
in the metal which it enters, than it existed in that mrhicli 
it quits, a proportional disengagement of culoile will 
take place. 

Cwro&ne, And cannot the oxyds of gold, silver, and 
platina, which are formed by means of the electric fluid 
be restored to their metallic state ? 

Mra, B, Yes, they may ; but the intervention of a 
combustible body is not required ; heat alone will take 
the oxygen from them, convert it into a gas, and i^\ivc 
the metal. 

JSmUy* You said that rust was an oxyd of iron ; how 
is it, then, that water, or merely dampnes'*, piotluces 
it, which, you know, it very frequently docs on stceU 
grates, or any iron instruments. 

Mrs. B. In tlvat case the metal decomposes tho 
water, or dampness (which is noticing but water in u 
state of vapour), and obtains the oxygen from it. 

Caroline, I thought that it was iiecesisary to bring me- 
tals to a very high temperature to enable them to de- 
compose water. 

Mr*. B. It is so, if it is required that the process 
should be performed rapidly, and if any cunsidcrabl© 
quantity is to be decomposed. Rust you kuow U ^c>m^* 
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times months m forming] and then it is only the sur- 
face of the metal that is oxydated. 

Emily. Metals, then, (hat do not rust, are incapa- 
ble of spontaneous oxydation, either by air or water I 

Mrs. B. Yes ; and this is the case with the perfect- 
metals, which on that account^ preserve their metallic 
lustre so well* 

CtiroHnff, When roetali are oxydatcd by meant of 
water, it there no tensiblc disengagement of light and. 
heat ? 

Mr9. B. No ; because the oxygen exiittt already ia. 
a dense state in wuter ? and the portion of caloric that 
it parts with combbes with the hydrogen to convert k 
into a gat. 

Emily. Are all metals capable of decomposing water^ 
provided thcar temperature be sufficiently raited I ^ 

Mr9. B, No ; a certain degree of attraction is re- 
quishe, besides the assistance of heat. Water you re- 
collect, is composed of oxygen and hydrogen ; and 
unlets th^ affinitv of the meUl for oxygen be stranger 
than that of hydrogen, it is in vain that we raise its 
temperature, for it cannot take the oxygen from the. 
hydrogen. Iron, adnc, tin, and antimony, have a strong- 
er af&iity for oxygen than hydrogen has, therefore 
these four metals are capable of decompo^g vrater. 
But hydrogen having an advantage over all the other 
metals with respect to its affinity lor oxygen, it not only 
withholds its oxygen from them, but is even capable 
in certain circumstances, of taking the oxygen from the 
oxyd of these metals. 

Emily, I confess that I do not quite understand wh^^ 
hydrogen can take- oxygen from those metals that da 
not decompose water. 

Caroline, Now I think I do perfectly. Lead for ini« 
stonce will not decompose water, because it has not sa 
strong an attraction for oxygen, as hydi-ogen has. Well* 
tiicn, suppose the lead be in a state of oxyd ; hydro- 
gen will take the oxygen from the lead, and unite with 
to form water, because hydrogen has a stronger at- 

*Hction for oxygen, than oxygen has for lead ; and it 
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is the same with all the other metals which do not de- 
compose water. 

Mmily. I understand your explanation, Caro!ine, 
yittj well ; and I imagine tliAt it is because lead can- 
not decompose water chat it is so much employed for 
pipes for conveying that fluid. 

Mr«. B. Certainly ; lead is, on that account, par- 
ticularly appropriate to such purposes ; whilst, on thts 
contrary, this metal> if it was oxydable by water, wciuld 
impart to it very noxious qualities, as all oxyds of lead 
are more or less pernicious; 

Buti'with regard to tlic oxydalion of metals, there 
. is, a mode of effecting it more powerful tlian either oi 
the former, which \^ by means of acids. These, you 
know, contain a much greater proportion of oxygen 
tlun either air or water ; and will, most of them, easi- 
ly yield it to metals. Have you never observed, that if 
ygta, 4^p vinegar, lemon, or any acid, on tlie blade of 
a knife, or on a pair of scissarsi it will immediately pro« 
dbce a i4iot of rust ? 

tjarolkie. Yes, oflco; and I am very careful how 
lb wipe off the add immediately to prevent the rubt 
firom forming;. 

. Emily. MeUls have, then, three ways of obtaining 
exygen'.; from the atmosphere, from water, and from 
acxls. 

Mra, J?/' The two first you have already witnessed, 
and I shall now show you how metals tuko the oxygen 
from an acid* This bottle contains nitric acid ; 1 shall 
poor some of it over this piece of copper-leaf , . . . . 

CaroUng, Oh, what a disagreeable smell ! 

Emily. And what is it that produces tlic efferves- 
cence and: that thick yellow vapour ? 

Mr». B. It is the acid, which being abandoned by 
/die greatest part of its oxygen, is converted into h 
weaker acid, which escapes in the form of gas. 

Caroline, And whence proceeds this heat ? 

Mra, B, Indeed, Caroline, I think you might now 
be able to answer that question yourself. 

GaroUne, Perhaps it is that the oxygen enters into 
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the metal in a more solid state tlion it existed in the acid, 
in consequence of which caloric is disengaged. 

Mra. B. You have found it out| you see, without 
much difficulty. 

Emily. The efferveacdnce h over ; thereibre I bi^h 
pose that the metal is now ogcydated. 

Mr9. B. Yes. But there is another important coii- 
nection between metals and acidt» with which I muot 
make you acquainted^ Meoila when in the atato €S 
oacyds, are capable bf being dis9s61ved by acids. ^ lA thia 
operation they enter into a cherokal combinatioD with 
the acid, and form an entirely new compound. 

Carolina fiot what difference is there between the 
axydtuion and the disaoluHon of a metal by an acid ? • . 

Mre. B. In the first case, the metal merely com- 
bines with a portion of oxygen taken firem the acidf ^ 
which is thus partly deoxygenated* as in the instance 
you have just seen ; in the second cme, the metal tffitcr^ « 
being" previously oxydated, is actually dissolved is die '\^ 
acid, and enters into a chemical conobinatioB wkh hf -. 
without produdng any &rther. decomposiuon or cSer^ 
vescence.— *Tbb complete combination of un oi^c^djuid '^ 
an acid forms a peculiar and important class of com* i] 
pound salts. 

Emily, The difference between an oxyd and a coqa- 
pound salt, therefore, is very obvious : the one coosiBts ' 
of a metal and oxygen ; the other of an oxyd and add. 

Mrs. B. Very well : and you will be careful to re- 
member that the metals are incapable of entering Into 
this combination with acids, unless they are previosnlf 
oxydated ; therefore, whenever you bring a melal in 
contact with an acid, it will be first oxydated vAfiftt* 
wards dissolved, provided that tl)ere be a^ufficient qaai> " 
tity of acid for both operations. 

There are 'some metals, however, whose solution ii 
more earily accomplished, by diluting tlvs acid in water; 
and the metal will, in this case, be oxjrdated, not by 
the acid, but by the water, which it will decompose. 
But in proportion as the oxygen of the water oxydates 
the surface of the metal, tlie acid combines with itf 
washes it off, and le;\vet a fresh surface ibr the oxygen 
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to act vpon I tkcn oth«r coats of 0x3rd are tucccnively 
tormedt and rapkUy diuoived hy the acid, which con- 
tinues oombiaiDC with Ihe new formed surfaces of the 
oxfd till Ae whole of the metal is dibiolved. During 
tlua peocasB the hydrogen gas of the water is disenga* 
godaad flieaoff wkh effervelbnce. 

£mit^. Was not this the maimer in which the sul- 
pburic add assisted the iron filbga in decomposing wsp 

Ntn. B» Exactly ( and it is thus that Kveial metals, 
nUch are incapabfe akme of decompoaiag water, are 
•wJfari to do it bf the assistance of an acid» which, by 
jcootimiaUy washing off the covering of oxyd» as it is 
loancidjLpfapares a fresh surfiice of meui to Act upon the 



^ CbfoEMr» The acid here seems to set a part not very 
idifaantf, ffiom that of a scrubbing brush. — But pray 

- would not this be a good method of cleaning grates and 

; .jwitaffir utipasils } 

,. iff. 0. Yoq Ibrget that acids have the power of 

^ 'COKjdatibg iiictils» as well as that of dissolving their ox* 
yds i so that by claming a grate this way, you would 
ciwate mpne rust than you could destroy. 

Caro^ne. True ; how thoughtless I was to forget 
4faat & liot us watch the dissolution of the copper in the 
iMtric aflid4 for I am very impatient to see the salt that 
H JiQ«esalt from it. The mixture is now of a beautiful 
iUua^iSOtoir ; but there is no appearance of the forma- ■" 
jt^^j^ salty it seems to be a tedious operation. 

.Mtr^ «B. The cxystallization of the salt requires 
mcnut Icfigth of time to be completed ; if» however, you 
•aaa 4W imprimis I can easily shew you a metallic salt 

4||fapdy formed. 

CaroBne. But that would not satisfy my curiosity 
half so well AS one of our own manuiacturinK. 

Mn. B, It is one of our own preparing that I 
miBan to shew you. When we decomposed water a few 
dafrsionoes by the oxidation of iron filings, through the 
jwsistance of sulphuric acid, in what did the process con- ^ 
aist? J 
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f'liTtithir. In f>rr>portu>n m the water Tieided its <nB^ 
f (rrii r«i thr, irr/ti, the »cM combineti with ^iie new-dmi^ 
f'1 fiKyfl, niifl \hf. hyrlroj^ ey:aped alone. 

fMfR n Very wfill : the rciolt. tfacrefilht was i 
'oiff|if»itfifl MHit, formed liy the comhinatioc fsf iuiphnnc 
Hf if I Willi ti^yf\ of irttn. ft Mill remains in the Teasel » 
whif h thn rxpRrirneikt wah performed. Fetch hv snd 
wf» Mhrilt ex»rriirie it 

/{////Vy. VVhiit u variety of processes the decnrapov- 
fioti of Wfi*r.r, by a thctal and an acid, icipiies I l<ic 
'Mir. r|r/.fiifi|»f«H)tiori oi the water ; 2dly, the oxydatiDii 
ft\ ihft rfir.tal ^ urW :wlly, the £ortnation of a coiopQUEd 
ftult. 

Cttruiwr, Here it i^, Mrs. B. — What beaotiM grccB 
rry<itii]4 ! Uiit wo do not perceive any crystals m die 
Holfiiioii of r.op|K;r in iittrousacid \ 

Mm, //. Itrxuiiftc the salt i» now suspended m &e 
Wiilf;r whifti the tutioim acid contains, and will rcmaia 
fio till it. \% drpoAitcd in consequence of rest and coofing^ 

Itmhi. I nrn tifirprincd that a body so opaque as- 
iroti i.\y\\ I HE converted into such transparent crystals. 

Mm, II. It is the union witli the acid that produces 
tlm tninH[iurciicy ; for if tlic pure metal was meltcd» 
atifl bitcrwurdi pernihted to cool and crystallize, it would 
liC found jn^t as ojiaque as before. 

Emily I do not understand the exact meaning of 
vtyfitnllizaiifM ? 

Mm. H. Vou recollect tliM when a solid bodj is • 
disiiolvcd cither by water or caloric, it is not decompc^ 
flcd : but that hs integrant parts are only suspended ia 
the solvent. When the solution is made in water, the 
if lie grunt particles of the body %vill, on the water being 
evaporated, again unite into a solid mass, by the force 
of tlicir mutual attraction. But when the body is dis- 
solved by caloric alone, nothing more is necessary, in 
Older to make its particles reunite, than to reduce its 
icnipcrutuie. And, in general, if the solvent, whetli- 
<;r wutcr or caloric, be slowly separated by evaporation 
or Ijy cooling, and care taken that the particles be net 
ji:Miu'.cd duiii»g their reunion, ihey will arrange tbeca^ 
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id¥M Hi regidtriiMBies, each individaal subaunceas- 
anouDg m peculiar fiiria or arrangement ; and that b 
what k called crjratallization. 

Jbmty. Xirjrifealliiation, therefuret is aimplsr the re- 
mion ^the partielei of a solid body that haa been dia- 
•olvedln m fluid. 

A6«. Jk That ia a very good definition of it. But 
I mnat not fiirget to obtervof that keat and muer nrnw 
unite their aolvent powers ; and in this case^ crystalh- 
ntioQ may be hastened by cooling, as well as by eva- 
ponting the liquid. 

Canine, Biit if the body diaaolved be of a Tolatile 
Wturai will it not evaporate with the fluid ? 
. Mm. A A oryatalliied body, held in solution only 
hy imler, ia scarcely ever so volatile as the fluid itself, 
and cam nuMt be ti&en to manage the heat, so that it 
narht suffieient to evaporate the water only. 
^ I afatould not omit to mention that bodies, in crystal- 
IsriDg fisom their ¥Fatery solution, always retain a small 
portion of water, which remains confined in the crjrstal 
nftaoBd fimn, and does not reappear, unless the body 
bsea ks crystalline state. This is called the vnter tf 
t/rf/malBzaUofu 

It ia also necessary that you should here more par- 
ticahclf fvmark the difierence, to which we have for- 
n|»riy alludedi between the simple soluUon of bodiea 
eUter in water or in caloric, and the solution of metala 
in^adHt i in the first case, the body is merely divided 
faf die solvent into its minutest parts. In the latter, 
asimiUr efl^ct is, indeed, produced ; but it is by means 
of a cheooncal comlunation between the metal and the 
ncid, in which both lose iheir characteristic properties. 
The flrat is a mechanical operation, the second a chem- 
ical process. We may, therefore, distinguish them by 
caUing the first a mmfiie aoltaiony and the other a cAemt- 
cal 90iiUion. Do you understand this difference ? 

£mUy, Yes ; um^e Mltoion can afiect only the at- 
traction of aggregation. But chemical solution iropliea 
also an attraction of composition, that is to say, an ac- 
tual combination betweoi the solvent and the body dia^ 
solved. 



l^zT 



bififtjed. fiut TQQ most cbserrs. ahcw tiut whilst a bo» 
CT 31a T be sepdnaed f:cai i3 scIudGO id ntcr or ca- 
loric, simp^ bf- cQCiiB.^. or by eraporaaoo* an add can 
be taken frcr^ a mesd «k& vhkh it b combined, onlj' 
bj strcn^r afRniues. vdLch p?<:dme a decomposition. 

£rdlu, I chiiik :haC rcu lukre rendered the difierence 
beneen these two kir^-s of solcdaa so obnonsy that we 
caD nerer confound thera. 

J/hr. B. Nccwirbsanding> howerer. the real dif* 
fsrercc which there ippeirs to be between these two* 
operancos, they are frcquentir ccxifounded. Indeed^ 
scTer^ mcdem chemical writers, d gre^t eminence^- 
have even thooght prcper to generalize the idea of ao- 
l&tiont and to suppress entirely the distinction introdcH 
ced by the great Lavobier, which I have taken so much 
pains to explain, and which I confess appears to BEie to*- 
render the stihject much clearer. 

£ndli/. Are the perfect metals susceptible of being* 
dissolved and conrerted into compound salts by acids ? 

Mtm. B. Gold is acted upon by only one add, the- 
Gjq/^enaSed Tmuriaiic^ a ¥e^ remarkable acid, wluohf 
when in its more concentrated state^ dissolves gold or* 
any other metal, by burning them rapidly. 

Gold can, it is true, be dissolved likewise by a mix-* 
ture of two acids, commonly called cjtu, regia ; but this - 
mixed solvent derives that property from containing' 
the pecyliar add which I hdve just mentioned. PUlinA 
is also acted upon by this acid only ; but silver is diiaol^- 
ved by several of them — * 

Caroline. I think you said that some of the metab' 
might be so strongly oxy dated a^ to become acid I 

AJrs. B, There arc five metals, arsenic, molybde- 
na, chrome, tungsten, and columbium,* which are sus- 
ceptible of combining wiih a suffident quantity of ozy* - 
gen to be converted into acids. 

Caroline, Acids are connected with metals in such^m 
variety of ways, that I am afraid of some confusion in - 

* ColumbLuxn which has act long uDce been discovered by 
Mr. tlatchect, was inadvertently omitted in the enumcratioo of Chft- 
iimplc bodies given in thcfir&l couvcx^iiuoiiv 
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'remembering tbem^— In the first placcj acids i»ill ytcU! 
their oxygen to metals. Sccoiidly, they will combine 
wkh them in their state of oxyds, to form com;x)und 
nlti; and lastly, several of the metals are thcnibelvcs 
susceptible of acidificatbn. 

Mr: B. Very well ; but thcu(;h metals have so 
great an affinity for acids, it is not \riih that class of bo- 
^Bes*aleDe that they will combine. They are most of 
them in their simple stute, capable of uniting^ with sul- 
phur, inth phosphorus, with carbone, and with each 
.other; these combinations, according to the nomen- 
clature which was explained to you on a former occa- 
flam are called nUfihurcU^ phowfihoreUy carbureUy Sec. 

The metallic phosphorets offer nothnit; very re- 
markable. The sulphurcts form the peculiar kind of 

* -mioeni called /^yri/^«, from which certain kinds of mi- 
neral waterSf as those of Harrowgatc, derive tlicir chief 

* chemical properties. In this combination, the sulpliury 

, together with the iron, have so stron.;^ an attraction for 
.iCOtygt^f that they obtain it both fioni the air and from 
5nii^ and by ecmdensing it in a solid form, produce the 
^Mt'whiEb raises the temperature of the water in such 
:I^RmrkabIe degree. 
'. JEnn^. But if pyrites obtain oxygen from water, 

l^'ftat \aAer must suffer a decomposition, and hydrogen 

^^^Jbeeiolved?' 
■ . Mn. B. That is acttially the case in the hot springs, 

^^•aflbdj^d^ which give out an extremely fetid gas, com- 
posed of hydrogen impregnated with sulphur. 
vQ^yfifir. If I recollect right, steel and plumbago, 

. ,i|fqchjou mentioned in the last lesson, are both car* 
hnratt of iron ? 

,Ap^,' By^ Yes; and they are the only carburets of 
mmckjeonseqqence. 

*A^i{AKis,dombination of metals has lately very much 
Bltill^g fee attemion of the scientific world : I mean 
'th^ stones that fall from the atmosphere. They all 
CDD^ principally of native or pure iron which i» never 
Sorped in that state in the bowels of the earth ; and 
couain- also' a small quantity of mckle and chrome, • 
<QmhinatKm likewise nqw in the mineral km^<^Qicu 
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These circumstances have led many scientific peMfts 
to believe that those substances have fallen fnbm the 
moon or some other planet, ivhile others are of opkikA 
either that the^ are formed in the atroosptiere^ or ait 
projected into it by some unknown volcano on the tur^ 
face of our giobe. 

Caro&nc. I have heard much of these stoneit- but I 
believe many' people are of opinion that they areiitaied 
on the earth, and laugh at thdr pret^ided celestkdoti- 
f;in. 

Mt9. B, The fact of their falling is so vrell ascen"' 
tained, that I think no person who haSr at all investiga- 
ted the subject, can now entertain any doubt of iL Spe-' 
cimens of these stones have been discovered' in aU ptrti . 
of the world, and to eachoif fhem has some traditioDctf 
story of its &11 been found connected. And as the 9fm^' 
lysis of all the specimens afford preci^ly the same 
results, we have thus a very istrong proof that they iJI 
proceed from 'the same source. It is to Mr. Howard 
that philosophers are indebted, for having first aaa^r^ 
these stones and directed their attention t6 thbintefest^ < ^ 
ing subject. 

But we must not suffer this digression to take up too" 
much of our time. 

The combiQations of metals with each other are cal- 
led alloys ; thus brass is an alloy of copper and zinc-; 
bronze, of copper and tin^ Sec. \ 

Mmily. And is not pewter also a c(ftnl»nation of me^ 
tal? 

Mrs. B. It is. The pewter made in this cotatrjri 
is mostly composed of tin, with a very small proportiov • 
of zinc and le:Kl. * ■ 

Caroline. IJlock-tin is a kmd of pewterj I believe ? 

Mrs. B, No; it is iron plated with tini whiehfttfo- 
ders it more durable, as tin will not so easily rust Tin 
alone, however, woukl be too s(^ a metal to be wor- 
ked for common use, and all the tin vessels or menaiis 
are in fact made of plates of iron thinly coated with tini 
which prevents the iron from rusting. 

Caroiine. Say rather oxydatmg^ Mrs. B.— Rust' is a 
word that should be exp\«^ in 4^tTEv^^« 
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3t/w* B, Take care, however, rot to ir*froduce Wjt 
>fford ozydate instCKl of rust, in (^nenl oonTena«wn ^ 
Jor ckher you will not be undertuiod, or you «ii?l te 
honied «C for y<Air conceit. 

€Uar9ime. I condsM that my attention i% at pretend, 
flD much engaiced by fchemistry, that it fometime* leada 
me into ridiculout obvervatir^s VAtrj \\axi% in nature 
I'lvfiBr to chefDtttry» and hare often lieen lauj^hed at 
'ibr ny continual allusions to it. 

AAn. B» You must be more ca*Jtious arxl f^» ' reel in 
Ihia neapecty my dear, otherwiiie yfiur etitliusi..%m, al- 
'thoiig^ proceeding from a snccre MJniiration of the s/.i- 
' tecCf nill be attributed to ped^«ry. 

MetabtfiflerTery much in their afTitjfy for cfc'.h o*h- 
*er; aonie inll not unite at all, o«hcn rc-«dily <jsm>MJi 
tOBBtberi jmd on this property of mctitU the an of «Ue^ 
'cn^i^ dBpends. 

MmBff. What is soldering ? 

JWw. ^. It is joining two pieces of metal tocher, 
I ^fay.haadng them, with a thin plate of a moie fusiMe me- 
I , Id intcrpoied between them. Thus tin is a colder lor 
I lead r brass, gold, or silver, are solder lor iran« &cc 
QanUne, And Is not ftiuting metals soir.ctljiog of the 
woe ratm^ : 
Mn, B. In the operjtiofn of platinj^, two mc*als are 
I iBnied, one being covered \rith the o*hcr, l^t without 
the intervention of a third ; iron or tin may be thus cov- 
ered with gold or silver. 

£mfy. Mercury appears to me of a very different 
mtore from the other metals. 

Mv. B. One of its greatest pecufianties is that it 

retains a fluid state at the temperature of the atnx>s- 

phere. All metals are fusible at differem degrees of 

. heatf and they have likewise each the property of free- 

tiog or becoming solid at a certain fixed temperature. 

Merctny congeals only at 7?^ below the freezing point. 

Emily, That is to say, that in order to freeze, it re* 

Quires a temperature 72<> colder than that at which ^a- 

tcr freezes. 

Airt. B. Exactly so. 

O 
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Caroline, But is the temperature of the atmosplhere 
ever 80 low as that I 

J\fra, B. Scarcely ever^ at least in an inhabited part 
of the globe ; therefore mercury is never found lolid 
in nature, but it may be congealed by artificial cold ; I 
mean such intense cold as can be produced by some 
chemical mixtures. 

Caroline. And can mercury be made to boil oiid eva- 
porate ? 

Mrs. B. Yes, like any other liquid ; only it requires 
a much greater degree of heat. At the teippeniture 
of 600^, it begins to boil and evaporate like water. 

Mercury combines with gold, silver, tin, and witk 
several other metuls ; and, if mixed with any of them 
in a sufficient proportion, it penetrates the solid i|ieta]» 
softens it, loses its own fluidity, and forms an amalgam^ 
which is the name given to the combination of any me* 
tal with mercury,' forming a substance more or leas so- 
lid, according as the mercury or the other metal pre- 
dominates. 

Endly, In the list of metals there are some whose 
names I have never befoi*e heard mentioned. 

Mr«. B. There cire several that have been recently 
disco'.ered, whose properties are yet but little knowny 
as for instance, titanium which was discovered by the 
Rev'd. Mr. Gregor, in the tin mines of Cornwall ; co- 
lumbium, which has lately been discovered by Mr. 
Hutchett ; and osmium* iridium, palladium, and rhodi- 
um, all of which Dr. Woolaston and Mr. Tennant found 
mixed with crude platina. 

Caroline, Arsenic has been mentioned amongst the 
metals ; I had no notion that it belonged to that class of 
bodies, for I had never seen it but as a powder, and never 
thought of it but as a most deadly poison. 

yira, B In its pure metallic state, I believe, it is 
not so poisonous ; but it has so great an affinity for oxy- 
t^cn, that it absorbs it from the atmosphere at its natu- 
lal temperature ; you have seen it therefore, only in its 
state of oxyd, when, ftom its combination with oxygen^ 
i* bas acquired iis very poisonous properties. 
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Caroline, It it possible that rxy^^en ran iii4|>nrt |ibi- 
qualitiet? That vahtuble Mihstuncr \«hirh pro- 
duces light, Biid fire, and which all bodies in nature are 
•o eager to obtain ! 

BCrt. B. Most of the mctiillic oxyrU are poi'tonoun, 
and derive this property from tliclr uniuii with oxygen. 
The while leadt to much used in pahit, owes K« per- 
■Idooa efibcts to oxygen. In ^ncral oxygen, in a con- 
erete ttate* appears to be particularly destructive in its 
•BbCttOB flesh or any animal mutter ; and thone oxyda 
mre moat caustic that have an acrid burning taste, which 
yroeeadft from the mctiil having but a slight uflinity for 
^KJSgeDt and therefore easily yielding it to the flesh 
trbich ii corrodes and destroys. 

MmUy, What is the meaning of the word cauktic^ 
«lkli jfou have just used \ 

.MlV« B; It expresses that property whif:h soro« 
faflet poeseasy of disorganlaing and destroying animal 
flSitter, l^ operating a kind of conibustiont or at least 
t efaemlctii decomposition. You must often have heard 
eteensilca used to bum warts, or other animal excres- 
ceBcea } moat of these bodies owe their destructive pow- 
er ,to tBe oxygen wfth which they are combined. Tht 
ebtfinteD'Ciiisfki) called lunar camtie^ it a compoi:nd for- 
^S6d bythe onion of hitric acid and silver ; and it is stip- 
pneM Id owe its causdc qiialities to the oxygen cotituin- 
ed in the nitric acid. 

OUrbtne* Baty pray, are not acids still more caustic 
dian oxydsi as they contain a greater proporiion of ox- 

Mt9. B, Some of the acids ore ; but the caustic 
ppdperty of a lx)dy depends not or)!)- upon jhe quantity 
ef oxygen, which it contains, but a!«i ujx)n its slight af- 
iidly for that principle, and the consicquent facility whh 
which it yields it. 

Mmity. Is not this destructive properly of oxygen 
aoboonted for ? 

Mrs, B. It proceeds probably from the strong at- 
tracdon of oxygen for hydrogen ; for if the one rapidly 
absorbs the other from the animal fibre, a disorganiza* 
don of tlie substance must ensue. 
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Emly, Caustics are then very properly said to turur 
the flesh, since the conibinatioo of oxygen and hydros 
gen is an actual combustion^ 

Caroline. Now, I think, this efBect would be more 
properly termed an oxydation, as there is no disengage-- 
ment of light and heut. 

Mrs, B. But there really it a. sensation of -heat pro* 
duced by the action of caustics ; and the caloric tiiat is 
disengaged must, I think, partly, if not wholly pro- 
ceed from the oxygen which the caustic yieUa to the 
fiesh. 

Car9line, Vet the oxygen of a caustic is not in a. 
gaseous state, and can therefore have no caloric to part* 
with ? 

Mrs. B. In whatever state oxygen exists, we may. 
suppose that, like every other body in naturci it retaba 
some portion of caloric ; and % in comUning with the 
hydrogen of the Sesh, it becomes more dense than it 
previously was in the caustic, it must part with ealorio 
whilst this change is taking place. 1 believe 1 have 
once before observed that we may, in a great meaaurCi 
judge of the comparative degree of solidity which oxi- 
ygen assumes in a body, by the quantity of caloric lib* 
crated during its combination ; and w}ien we find* that 
in its passage from one body to another, heat is evolvedf 
we may be certain that it exists in a more solid atate ia 
the latter, 

Emih^ But if oxygen is so caustic, why does ijot 
that contained in the atmosphere burn usi 

Mrs. B, Because it is in a gaseous state, and has a 
greater attraction for its caloric than for the hydrogen of 
our bodies. Besides, should the air be slightly causticy 
we are in a great measure sheltered from its eflects by 
the skin ; you all know how much a wound, howe*"^r 
trifling, smarts on being exposed to it. 

Caroline It is a curious idea, however, that we- 
should live in a slow fire. But, if the air was caustic* 
v/ould it not have an acrid taste ? 

Mrs. B. It possibly might have such a taste ; thougb 
in so slight a degree, that custom has. tendered it insen^s 
Mble. 
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« And why it not water cauitie ? Wlien I 
dip my hand into water, though cold, it oaght to biini 
an* kmn the camtie nature of its oxy^n. 

Mrm B, Your hand does not decompose the water ; 
the my gun in that state is much hotter s«ipi)lied with 
hf d to d g ^liflHft it would be by aninMl matter, and if its 
uaatim ty tfepends on its affinity for that piinciple it will 
heiNify ftr ibom qoitting; its state of water to act upon 
]eMr InMt You must not forget tliat oxyds are cuusnc 
in prapaition'as the oxygen adheres slightly to them. 

iEM%. ^nce the oxyd of arsenic is poisonous, its 
addi I auppose, b fully as much so \ 

S^9i B% Yes; it is one of the strongest poisons in 



MmUy. There is a poison called vrrdigrin^ which 
flume on lirasa and copper when not 1(cpt very clean ; 
and tldty I liave heard, is an objeciion to these metals 
being nude into kitclien utensils. Is this poison like- 
wise occasioned by oxygen ? 

Hiih B; It is produced by the intervention of oxy-- 
gen ; for verdigris is a compound salt formed by the 
wdon of vinegar and copper : it is of a beautiful green 
eolourt end much used in painting. 
. Mmibf, But, I iMiiove, veixligris is often formed on 
coppnv whan- nor vinegar harbeen in contact with it. 

BSn* B,^ Not real verdigris, but compound salts, 
ioaaawlMft roMmlilingit, may be produced by the action 
of an acid on copper. 

There ian Iseautiful green salt produced by the com- 
lunidoD of cobalt with muriutic acid, which has the 
Bittyalar property of forming what is called aymtialhetic 
int. Cliaractcra written with this solution are invisible 
i*heBl< coMf hot. when a gentle boat is applied, they as- 
toaw a fine blueish green colour. 

Chrofine, 1= think one might draw very curious land- 
lcapea= with the assistance of this ink ; I would first make 
a water colour drawing of a winter scene, in which the 
tTBee* thali be leafless and the grass scarcely green ; I 
would then tmce all the verdure with the invisible ink, 
uid whenever I choose to create spring, I should hokl 
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it before.the fire, and its warmth would cover the hmd^- 
scape with a rich verdure. 

Mrs, B, That will be a very amusing experimenty. 
and I advise you by all means to try it.— >I must nowy 
however, take my leave of you ;. we have bad a very- 
long lecture, and I hopo you will be able to xemember. 
it. Do not forget to write down all you can. reooliect> 
of this conversation, for the subject is of great import*, 
ance, though it may not appear at first very cntert^iK- 



Confteriflfation x; 

On Mkalie^t . 



Mrs. B: 

After having taken a general view of combuttibld' 
bodies, we now come to the alkalibs, and the saeths,^ 
which compose the class of incombustibles ; . that is to - 
say, of such bodies as do not combine with oxygen at 
any known temperature. 

CaroHne. I am afraid that the incombustible sub- 
stances will not be near so interesting as the others; for 
I have found nothing in chemistry that has pleased me 
so much as the theory of combustion^ 

Mrs, B, Do not however depreciate the iocomfans- • 
tible bodies before you are acquainted with them ; you ' 
will find they also possess properties highly important. 
and interesting. 

Some of the earths bear so strong a resemblance iri 

thei r properties to the alkalies, that it is a difficult point 

'^■hpw under what head to place them. The celebrat- 

^^%Dch chemist, Fourcroy, has classed two of them. 

•» and Stronlilcs) witli \\ic i\\\^Vtfi^% Wt.^ aa time 

/ 
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nugneiia have almost an equal title to that rank, £ 
^■k it better not lo separate them, and therefore havr 
adopted the common method of classing them wuh the 
enthif and otcUstiDguishing them by the name of oMa- 
Smemrth». 

We ahall first take a review of the alkalies, of which 
AeBe<«iv three- spociea ; POTASHf soda, and ammomia. 
Tka^ two first are called /dcrd olkaBn^ because they ex- 
ist iaa aofid fiiirm at the temperature of the atmosphere, 
and raquire a^reat heat to be Tolatilized. The third, 
annoniay has been distinguished by the name of I'O&z- 
tUeaUBoSf because its natural form is that of gas. 

ChrofifMk Ammonia? I do not recollect that name 
m the list of simple bodies. 

Mn, B, The reason why you do not find it there is, 
that it iaa compound ; and if 1 introduce it to your ac- 
quuDtance now^ it- is on account of its close conncc* 
ikn with the two other alkalies, which it resembles es- 
senually in its nature and properties. Indeed it is not- 
kog fliiice ammonia has- resigned its place among the 
simple bodies,- as it was not, till lately, supposed to tie a 
ooropoond ; nor is it improbable that potash and soda 
may some day undergo the same fate, as they are strongs 
ly suspected of being compounds also. 

The- general properties of alkalies are, an acrid 
burning taster a; pungent smell, and a caustic action on* 
the skin and fieshv. i 

Caro&ne, How can they be caustic, Mrs. B. since ■• 
they do not- contain oxygen ? 

Afr9* B. Whatever suUstance has an affinity for any 
onei'of^ the constituents of animal matter, sufficiently 
powerful lo decompose it, is entitled to the appellation 
af caostic;-. The alkalies, in their pure state, have a 
Teryatnmg attraction for water, for hydrogen, and for- 
oarbone, which, you- know, are the constituent princi- 
plea of oil, and it is chiefly by absorbing these substan-^ 
ees from ammal matter, that tlicy effect its decomposi- 
tion 5 for, when diluted with a sufficient quantity of* 
water> or combbed with any oily substance, ihey lose^ 
tfanr causdcity. . 
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But, to return to the ^neral properties of all 
they change the colour of syrup of vbletSy «Dd other 
blue vegetable infusions, to green ; and hwot in gene- 
ral, a very great tendency to unite with acids, ahbougb- 
the respective qualities of these two classes of botfics^ 
form a remarkable contrast. 

We shall exanuno the result of the comluiatioa o^' 
acids and alkalies more particularly when we have oenH 
pleted our general view of the simple bodies. It inK 
be sufficient at present to inform you, that wbenerer 
acids are brought in contact with alkalies, or alkaline: 
earths, they unite with a remarkable eagerness, aad 
form compounds perfectly different from either of their 
constituents ; these compounds are called neutral or 
coTnpound salts, 

Caroline. Are they of the same kind as the salli> 
formed by the combination of a metal and an acid 2 

Mrs. B. Yes ; they are analogous in their naturer 
although different in many of their properties. 

A methodical nomenclature, similar to that of the 
acids, has been adopted fur the compound salts. Each 
individual suit derives its name from its constituents^ go 
thai every name implies a knowledge of the composition 
of the salt* 

The three alkalies, the alkaline earths, and the me-- 
tals, are called salifiable bases or radicals^ and the acidSf 
salifyifig finndjilcs. The name of each salt is compoB- 
sed both of that of the acid and the salifiable base ; and 
it terminates in at or zV, according to the degreea of oxy* 
genation of the acid. Thus, for instance, all those 
salts which are formed by the combination of the sul- 
phuric acid with any of the salifiable bases, are called 
sulfihatsy and the name of the radical is added ibr the 
specific distinction of the salt ; if it be potash, it will 
compose a suljihat of potash ; if ammonia, sulphat ^ 
ammonia^ &c. 

tJ^mily. The crystals which we obtained from the 
ibiniiion of iron and sulphuric acid, were thereibret 
" It of iron ? 

Wrs. B. Precisely ; and those which we prepared 
uisohin^ copper in nivtic a^dd, nigral o/ v>^^<r^ and 
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JO on. But thn it not all : if the sttlc lie formed by ttiit 
clan of acids which coda in oua (which you know, hi« 
Aottes a leaa degree of oxygenatlon\ the termination 
of tbe naine of the salt will be in vV, a« aulfiMt ^f px^^ 
wA% mU/Udt qframmoniaf 8cc. 

MmUy. There must be an immense number of com- 
pound aalts» aince there is so great a variety of aalifia* 
Ue ff»ficalS| aa well of salifyin;; principles. 

A/r«. B, Their real number cannot be ascertained^ 
since It increases every day as the science advances. 
Bull beCsre we proceed further in the investigation of 
tbe ooDpound salts, it is necessary that we should ex« 
amine the nature of the ingredients from which they 
are compoaod. Let us therefore return to the alkalies. 
The dzy white powder which you see in this phial is 
pure cauatic potash ; it is very difficuU to preserve it in 
tlda statei aa it attracts with extreme avidity the mois« 
tura from tlie ainoaphei*e, and if the air were not per* 
ftcUy esdudedi it would in a very short time be actually 
melted. 

ErnHy* It is theii) I suppose*, always found in a li« 
qi|id iUUe? 

Mf^ B. No ; it exists in nature in a great variety 
of forma and combinations, but is never found in its 
pure separate state ; it is combined with carbonic acidp 
with which it exists in every part of the vegetable lung- 
domi and is moat commonly obtained fi-om the ashes 
of vegttabless which compose the substance that re- 
mahia after idl the otlicr parts have been volatilized by 
oombustion. 

CeproGne. But you once said» that after the volatile 
parts of a vcgeuble wore evaporated, the substance 
tbat remained was charcoal ? 

Mt9, B, What, my dear ? Do you still confound the 
proceases of umple volatilization and combustion I In 
order to^ procure charcoal we ey&porate such parts aa 
can be reduced to vapour by heat alone ; but when we 
bum the vegetable, we volatilize the carbone also, by 
GODverting it into carbonic acid gas. 

Caro&ne. That is true ; 1 hope I shall make no mora 
wnt^tes.io n>y favourite theory of combustioa. 
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Mrs. B. Potash derives its name from the>to<f itf 
irhich ihe Tcgctatilcs from which it was obtained used 
formerly to be bunit ; the alkali remained mixed with- 
the ashes at the bottom^ and was thence called potash. 

Q^'-:::r.f, Thee is some good sense in this name as- 
it will always remind us of the operation, and of the 
general source fiom which this alkali is deiifcd. 

Enuly. The ashes of a wood firci theni are potasfaf- 
ttuce they are vegetable ashes ? 

Jfiv. B. They always contain more or less potaaby 
but are very far from consisting of that substance alon^ 
as they are a mixture of vaiiaus earths and salts whklr 
remain after the combustion of vegetables^ and from- 
which it is not easy to separate the alkali in its pure 
form. The process by which poush is oblainedy even- 
in the imperfect state in which it is used in the aitSi is 
much moiY complicated than simple combustion. It 
was once deemed impassible to separate it entirely from 
all foreign substances, and it is only in chemical labora* 
lories that it is to be met with in the state of purity in- 
which you find it in this phial. Wood ashes arei how- 
ever, valuable for the alkali which they contaiiii and' 
are used for some purposes without any further ptepar- 
ation. Purified in a certain degree, they make what ia- 
commonly called ficari tuh^ which is of great efficacy in 
taking out grease, in washing linens Sec. for potash 
comlHnes readily with oil or fat,, with which it fonms 
a compound well known to you under the name oftoafu 

Caroline. Really \ Then I should think it would be 
better to wash all linen with pearl ash than with soap» 
as, in the latter case, the alkali, being already com- 
bined with oil, must be less efiicacious in extracting 
grease. 

Aire, B, Its efifect would be too powerful on fine 
linen, and would injure its texture ; pearlash is there* 
fore only used for that which is of a strong coarse kind* 
For the same reason you cannot wash your hands with 
plain potash ; but, when mixed with oil in the form of 
soap, it is soft as well as cleansing, and is therefore much 
better adapted to the purpose. 

Caubtic potash, as we already observed, acts on the 
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duiii wd aiiiinal fMirc, in virtue of its attranion for 
iitter and oil, and converts all animal rauuer into a kind 
yak nponaceous jelisr. 

.imly. Are vegetables tUc only source from which 
paiaab can be derived I 

Mr; B. No : for though far most a!)undant in vc- 
getaUcSv U tt bjr no means confined to thaf claw of Lo* 
&8y being feund also on the surface of the curih mixed 
vith ^rkms muierals, especially with earths and hioncs, 
wiMnM k ia supposed to be conveyed into vegetables 
by IIm iBOta of the plant. It is also met with, thoup;h 
ID TQiy small quantities) in some animal substances. 
The nKMt common state of |xjtash is tliat of card'jna: ; I 
aoppoie you understand ^hat that is ? 

MrnUy. I believe so ; thnup;h I do not recollect tluit 
yoQ ever mentioned the word before. If I am not mis- 
taken, it must be a compound salt formed by the uniun 
«f earfaonicacid with potash. 

Mrt. B» Very true ; yc-u see how admir;tbly the 
nomenclature of modern chemistry is uriapted 10 absist 
the memory ; when you hear the name of a compoundt 
you necesaarily learn what are its constitucnis ; and 
when you are acquainted with the conbtituents, }ou can 
immediately name the compound that they form. 

CaroUne, Pray^ .how were bodies arranr^d and dis« 
tinguished before this nomenclature was introduced ? 

Mr9, B. Chemistry was tl>en a much mote diHicuIt 
study; for every substance has an arbitrary name, 
which it derived either from the person who discover* 
ed it| as GtauAet^M saHs for instance, or from some oth- 
er drcumstance relative to it, though quite unconnect- 
ed with its real nature, as poftuh. 

These names have been retained for some of the sim- 
ple bodies ; for as this class is not numerous, and there- 
lore can easily be remembered, it has not been thought 
necessary to change them. 

Bmify, Yet I think it would have rendered the new 
nqmenclature more complete to have methodized the 
names of the elementary as well as of the compound 
bodieay though it could not have been done in tlie same 
manner. But the names of the simple su!)s'auccs l\\\^^V\* 
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lave indicated their nature, or at least, some of tlielf 
principal properties ; and if, like the acids and com- 
pound salts, ail the simple bodies had a similar ternmr- 
ation, they would have been immectiately known as such. 
So complete and regular a nomenclature would I thinlt» 
have g^Ten a clearer and more comprehen^ve iriew of 
cheniistry, than the present, which is a medley of thb 
old and new terms. 

Mrs. B, But you are not aware of the diSiciilty of 
introducing into science an entire set of new terms ; it 
obliges all the teachers and professors to go to ScIkxiI 
again ; and if some of the old names, that are least ex- 
ceptionable, were not left as fln introduction to the new 
ones, few people would have had industry and peraere- 
rance enough to submit to the study of a completely new 
language ; and the inferior classes of artist?, who can 
only act from habit and routine, would, at least, for a 
time, have felt material inconvenience from a toted 
change of their habitual terms. From these consider- 
ations, Lavoisier and his colleagues, who itivented thd 
new nomenclature, thought it most prudent to leave a 
few links of the old chain, in order to connect it with 
the new one. Besides, you may -easily conceive the 
inconveRience which might arise from giving a regular 
nomenclature to substances, the simple nature of which 
is always uncertain ; for the new names might, per- 
haps, have proved to have been founded in error. And, 
indeed, cautious as the invemers of the tnodern chemii- 
cal language have been, it has already been found ne- 
cessary to modify it in many respects. In those few ca- 
ses, however, in which new names have been adopted 
to designate simple bodies, the names have been so 
contrived as lo indicate one of the chief properties of 
the body in question ; this is the case with oxygen^ 
which, as I explained to you, signifies to produce actds | 
and hydrogen, to produce water. 

But to return to the alkalies. We shall now try to 
melt some of this caustic potash in a little water, aB a 
circumstance occurs duiing its solution very worthy of 
observation.— Do you feel the heat that is produced ? 

Caroline. Yes, I do •, bvxl is wjt this cUrectly con- 
tra r/ to our theory o^ c«i\ov\c, ^cc.w^\xv^ V^ \A\\Ocw\«s^ 
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parency from the peculiar arrangement of its partidtts 
duiing their crystallization. 

Emily, I never should have supposed that the fbr- 
ination of glass ^vas so simple a process as you describe 
it. 

Mrs, B, It Js by no means an easy operatioD to 
xnake perfect glass ; for if the sand, or flinty nioiii which 
the silicious earth is obtained be mixed with any metal- 
lic particles, or other substance which cannot be vitri- 
fied, the glass will be discoloured, or defaced by opaqiie 
specks. 

Caroline. That I suppose is the reason why objects 
so often appear irregular and shapeless through a com- 
mon glass window. 

Mrs. B. This species of innperfection proceedsi f 
believe, from another cause. It is extremely difficult 
to prevent the lower part of the vessels in which the 
materials of glass are fused, from containing a more 
dpnse vitreous matter than the upper, on account of the 
heavier ingredients falling tp the bottom. When thiji 
happens, it occasions the appearance of veins or waves 
in the glass, from the difference of density in its seve- 
ral parts, which produces an irregular refraction of tl^e 
rays of light that pass through.it 

Another species of imperfection sometimes arises 
from the fusion not being continued for a length of time 
sufficient to combine the two ingredients completely, 
or from the due proportion of potaih and silex (which 
are as two to one), not being carefully observed ; the 
glass, in those cases, will be liable to alteration from 
the action of the air, of salts, and especially of acids, 
which will effect its decomposition by combining with 
the potash and forming compound salts. 

Ejmly, What an extremely useful substance pot- 
ash is ! 

Airs. B. Besides the great importance of potash in 
the manufactures of gl^ss and soap, it is of very con- 
siderable utility in many of the other arts, and in its 
comhinulion with several acids, particularly the Ditricy 
v»i:h which it forms saltpetre. 
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CtriaSne, Then sihpetre must be a ti-.t.:; //.ruf.'. ? 
Bbl we are nat vet acqu^tcd «ith the niiric «ciJ ? 

JlSnfc A. We slullt therefore^ defer cnicrin^ into 

tMe puticulan of these combinations, till ue c*mic to a 

review of the compoand salts. In urJcr lo 

nfwifflh it will be better at prcbcn: lo conf.jc 

cmelvcs to the alkalies. 

EMtUjfm Cannot you shew us the change of colon r 
which yoo lakl the alkalies produced on blue \cgetable 



JAk B. Yes ; very easily. I shall dip a piece of 
vfate PHwr into this synip of violetsi which, you see, 
II of a deep bltie» and dyes the paper of the same co- 
[ bur. Ai soon aa it is dry, we shall dip it into a solii- 
'An of poCashi which, though itself colotulcss, \\ill 
' 'tnm the paper gisen — 

CanSne. So it has indeed ! And do the other clk;i* 
.En produce a amilar effect ? 

^, \lfi«. B» Exactly the same. — We may now pi occt-d 
tOSoDAi whichi however impoitant, will detain us hut 
a very short time; as in all its general properties it 
very strongly resembles potash ; indeed, so grcut is 
tbdr unubtude, that they have been lon^; confouhdcd, 
nd they can now scarcely be distinguished except by 
the difierence of the salts which they form with ixudi. 
The great source of this ulkali is the sea, where, 
comUned with a peculiar acid, it forms tlic salt wiih 
vhith the' waters of the ocean arc so stronj^Iy iaiprc^- 
oated. 
Emiiy. Is xiot that the common tabic salt ? 
^A^a. B. The very same ; but again we must i)ost- 
pone entering into the particulars of this interesting 
combination, till we treat of the neutral suits. Soda 
may be obtained from common salt ; but the easiest 
lodmost usual method of prccurini; it, is by the com- 
bastion of marine plants, an operation perfectly analo« 
to that^.by which potash is obtained from vcgeta- 







-finaVy. From what does soda derive its name ? 
Mf9» B, From a plant called by us soda, and by tbo* 
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Arabs kaili which afford it in great abundance. KalL ' 
has, indeed, given its name to the alkalies in general.. 

Caroline, Docs soda form glass and soap, in the ] 
same manner as potash ? ^ ' 

Mrs. B, Yes, it does ; it is of equal importance ] 
in the arts, and it is even prefered to potash for some I 
purposes ; but you will not be able to disiinguisih their ■ 
properties, till we examine the compound salts TvbicK. 
they form with acids ; we must therefore leave toda. ' 
for the present, and ptx>ceed to Ammonia, or the YOXi* 

ATILE ALKALI. 

£m^y^ 1 long to hear something of this alkali \ is. 
it not of the same nature as hartshorn \ 

Mrs, B, Yes, it is, as you will see by and by. This/. 
alkali is seldom found hi nature in its pure state ; it b. 
most commonly extracted from a compound salt called: 
sal ammoniac^ which was formerly imported from -im- 
moniay a region of Lybia, from which both the salt and 
the alkali, derive their names. The crystals contained^ 
in this bottle are specimens of this salt, which consisti. 
of a combination of ammonia and muriatic acid. 

Caroline. Then it should be called muriat of ammo*, 
via i for though I am ignorant what muriatic acid is, 
yet I know that its combination wiih ammonia caniKit- 
but be so called ; and I am surprised to see sal ammo^ 
niac inscribed on the label. 

Alra. B, That is the name by which it has been so. 
long known, that th'e modern chemi^is have not yet sue*. 
ceeded in banishing it altogether ; and it is still sold- 
under that name by druggists, though by scientific 
chemists it is more properly called muriat of ammorua. 
Etnily, Hy what means can the ammonia be separ- 
ated from the muriatic acid ? 

Mrs. B. By a display of chemical attractions ; but 
this operation is too complicated for you to understand, 
till you are better acquainted whh the agency of affini- 
ties. 

Emly. And when extracted from the salt, what 
^wind of substance is ammonia ? 

Mrs. B, Its natural form at the temperature of the 
atn705phcre, when frte fvora combination, is that of 
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MB ; and in this state it is called ammoniacat gaa. But 
tt mixes yftvj readily with water, and ca» be thus ob- 
tained in a liquid form. 

Caroiine. You said that ammonia was a compound ; 
pfaji of what principles is it composed ! 

ilM. B* It was discovered a few years since, by 
BtfflbolIeCf a celebrated French chemist, that it consist- 
ed of about one part of hydrogen to four parts of nitro- 
gen. Having heated ammonbcal gas under a receiver, 
bf canung the electrical spark to pass repeatedly thro* 
itf he foimd that it increased considerably in bulk, lost 
aU its alkalihe properties, and was actually converted 
lolo hydrogen and nitrogen gasses. 

Emty^' Ammoniacal gas must, I suppose^ be very 
^Tfy since it expands so much when decomposed ? 

Mr9. B, Compared with hydrogen gas, ii certain- 
ly is; but it is considerably lighter than oxygen gas, 
sad only, about half the weight of atmospherical air. 
It possesses most of the propeitics of the fixed alku- 
fies ; but cannot be of so much use in the arts on ac- 
count of its volatile nature. It is, therefore, never 
employed in the manufacture of glass, but it forms 
soap with oib equally as well as potash and soda ; it re- 
sembles them likewise in its strong attraction for water ; 
fir wluch reason it can be collected in a receiver over 
mercury only. 

Csrafinr. I do not understand this ? 

Mrt. B, Do you recollect the method which wc 
uaed to collect gasses in a glass receiver over water ? 

Caroline^ Perfectly. 

Mrt. B. - Aihmoniacal gas has so strong a tenden- 
cy to unite with watery that, instead of passing throu^^.U 
that fliud, it would b^ instantaneously absorbed by it. 
We -can therefore neither use waiter for that purpose, 
mar any other liquid of which water is a component 
pitft ; so that, in order to collect this gas, we are oblig- 
ed to have recourse to mercury (a liquid which has no, 
action upon it), and we use a mercurial bath, instead of • 
a' water l>ath, as we did on former occasions. Water 
impregnated with this gas, is nothing luoxe xVv^iiv \W 
Maid which you mcntioDed at the begmiung Qi VYv^ ^^« 

P 2 
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versation— 'hartshorn ; it is the atrimoniacal gas escape 
ing from the water which gives it so powerful a amell. 

Emily. But there is no appearance of effervescence 
in hartshorn ? 

Mr9, B, Because the particles of gas that rise from 
the water are too subtile and minute for their efiect t& 
be visible. 

Water diminishes in density by being impregnated 
ii^rith ammoniacal gas ; and this augmentation of bulk, 
increases its capacity for caloric. 

Emily, In making hartshorn, then, or impregnat- 
ing water with ammonia, heat must be absorbed, and 
cold produced ? 

Mr9. B. That effect would take place if it was not 
counteracted by another circumstance ; the gas ia lique- 
iied by incorporating with the water, and gives out its> 
latent heat. The condensation of the gas more than. 
counterbalances the expansion of the water ; therefore, 
upon the whole, heat is produced. — But if you dissolve 
ammoniacal gas with ice or snow^ cold is produced.^— » 
Can you account for that ? 

Emily. The gas, in being condensed into a liquid, 
must give out heat ; and, on the other hand, the snow 
or ice, in being rarefied into a liquid must absorb heat \. 
so that, between the opposite effects, I should have sup- 
posed the original temperature would have been pre* 
served. 

Mrs. B. But you have forgotten to take into the ac* 
count the rarefaction of the water (or melted ice) by 
the impregnation of the gas ; and this is the cause ol 
the cold which is ultimately t>roduced. 

QaroKne, Is the sal volative (the smell of which so 
strongly resembles hartshorn) likewise a preparation of 
ammonia ? 

Mrs. B, It is carbonat of ammonia dissolved In wa- 
ter ; and which, in its concrete state, is commonly call- 
ed salts of hartshorn^ Ammonia is caustic like the fix- 
^d alkalies, as you may judge by the pungent effects 
of hartshorn, which cannot be taken iniernaUy or ap- 
P^iec/ to c/cJicate external paWs^ x^vvbout. being plenUfuI- 
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1y diluted with wttker— Oil and acids are veiy exceUeoi- 
wddDtet finr alkaline poisons ; can you gucsa why ? 

Gtrofinr. PMiapsi because the oil combines with 
the alkalif and forms soap, and thus destroys its caustic 
properties { Mid the acid converts it into a compound • 
■dti which I supposei is not so pernicious as caustic al- 
kaC 

Mr9 B* Precisely so. 

Ammoniacal gas, If it be mixed with atnaospherioil 
airi and a bumiag taper repeatedly plun^^ed into it^ will' 
hem with a largeflame of a peculiar yellow cekmr. 

I thought that all the alkalies were incom- 



QnviiNe. Besides, 700 say that flame is produced by 
the oomboidon of hydrogen only ? 

3Sn. Bn And is not hydrogen gas one of the con* 
atiti)enta of ■ ammoniacal gas ? Therefore, though g;cn* 
crslly speaking, the alkalies arc incombustible, yet one 
•C the constituents of ammonia is eminently combus- 
tible. 

Emhf, I own I had forgotten that ammonia was a 
compound. But pray tell roe, can ammonia be pix>- 
cured from this Lybian salt only ? 

Mr9m B. So far from it, that it is contained in, and 
Biay be extracted from, all animal substances whatever. 
Hydrogen and nitrogen are two of the chief constitu- 
tnts of animal matter : it is therefore not surprising 
that they should occasionally meet and combine in those 
proportions that compose ammonia. Bat this alkali is 
Bkore frequently generated by the spontaneous decom- 
poution oi animal substances ; the hydrogen and nitix)* 
gen gaases>that arif e from putrified bodies combine, and 
K»rm the volatile alkali. 

Muriat of aihmoma, instead of being exclusively 
brought from Lybia, as it originally was, is now chief- 
ly prepared in- Europe, by chemical processes. Am- 
monia, although principally extracted from this salt, 
eao only be produced by a great variety of otiier sub- 
stances. The boms- of cattle, especially those of the 
tber, yield it in abundance, and it is frooi this clrcura- 
acMoce itnt a aoluiioa of ammorAa m-NV^Ux V\wk \)fc^^ 
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c&lled hartshorn. It may likewise bt procured 'front: 
wool, fiesh and bones ; in a word, any animal substance- 
wfaatever yields it by decomposition. 

We shall now lay a»de the alkalies, however import^ 
ant the subject may be, till we treat of their combinatioit* 
with acids. The next time we meet we shall examine, 
the earths, which will complete our review of the class 
of simple bodies, after which we 5hall proceed to their . 
several combinatitnis. 

* li, however,- this defence of the genend theory bd troei itotg|if ' 
to be fboad, on accurate ezaminatioo, that a certaoi qauitity of 
heat ultimately disappears ; or should this ciplanarion be refectedfT 
the phenomenon might be accounted for by supposing that a aohi*' 
tion of alkali in water has less capacity for beat than cither water.'" 
or alkali in their separate state. 



Confterjfation »•- 

On EartliB. 



Mrs. B. 

TiiE earths, which we are to-day to examine are teit; 

in number : 

SI LEX, ST&0NTIX£S| 

ALUMINE, YTTHl A, 

BARYTBS, GLUCINA,- 

LiHE, ZIRCONIA, 

MAGNESIA, GARGONIA. 

The five last are of a very late discovery ; their pro- 
perties are but imperfectly known; and as they have 
not yet been applied to use, it will be unnecessary to 
enter into any particulars respecting them ; we i^all 
roriSne our remarks, therefore to the six first. The 
carihs in general are, like the alkaliesi incombustible 
su'v6 ranees. 
Caroline, Yet 1 have seen \xw^ \iwttk\.\s\ ^t c.<cs^\!^T|^ 
tnd it makes an exceWenX fkte\ \\\^e^T\kv\ifcc«.\!Q&^w 
Uot^ and produces a very ^r^^x c^oaooS^x^ tA Yisax* 
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Mi 9. B. It it not the earth that burnt my deari fato^ 
flie rootty gratt, and other remnantt of vegclablet that 
are intermixed with it. The caloricf which it pradu* 
ced by the combuttion of these subttancett malbet the 
earth red hol| and thit being a bad conductor of heat 
xetalns ita caloric a long time ; but were you to examine 
It when oooledi you would find that it had not absorbed 
one particle of oxygeni nor tufiered any alteration frotn. 
the file. Earth itp however* from the circumatance 
]Qit mentkmedi an excellent rtflecter of heatt and owet 
itt Qtjfity when mixed with fuel, aolely to that property. 
It fa in thit point of view that Count Rurofbrd has re* 
co m ma nded ballt of incombuttible tubsuncea to be ar* 
iVROd fai fire*placea9 and mixed with the coalai by 
wbkh meana the caloric diaengaged by ihc combuttion 
of the latter» u more perfectly reflected into the roomy 
and an expenie of fuel it saved 

Earth,. you know^ wat tupposed to be one of the 
{mr elementt ; but now that a variety of elenvents have 
bean discovered and clearly discriminated, no single one 
can be exclusively called an element ; and as none of 
them have been decomposed, they have an equal title 
to the rank of simple bodies, which are the only elements 
that we now acknowledge* It is from tlicse earths, eith- 
tr ID their simple state, or mixed together and combi- 
ned with other nunerals, that the uolid parts of our globe 
is ibrmed^ 

Embf. When 1 think of the great variety of soils, I 
am astonished that there are not a gicuier number of. 
cartha to form them. 

Mt9. B. You might, indeed, almost confine, that 
Bamber. to four : for barytes, stromites, and the others 
of late discovery, act but so small a part in this great 
theatroi that tliey cannot be reckoned as essential to the 
general formation of the globe. And you must not 
confine your idea of earths to the formation of soil ; for 
rocky marble, chalk, slate, sand, flint, and all kinds of 
stoneai fromihe precious jewel to the commonest pely> 
bles ; in a word all the immense variety of mineral pro* 
ducta, may be referred to some of these earths, either ii 
a simple stAiei or combined the one Y;\\\i\.\\& q>\\k.\) 5 
bicaM with other in^dients.. 
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Caroline* Precious stones composed of earth ! That 
seenis very difficult to conceive. 

£mUy, Is it more extraordinary than that the most 
precious of all jewels, diamond, should be composed of 
carbone ? But diamond forms an exception, Mrs. B— ; 
for, though a stone, it is not composed of earth. 

Mra. B, 1 did not specify the exception, as I knew 
you were so well acquainted with it. Beddes, I would 
call diamond a mineral rather than a stone, as the latr 
ter term always implies the presence of some earth. 

Caroline. I cannot conceive how such coarse mate^ 
rials can be converted into such beauuful productitms. 

Mrs, B. We are very far from understanding all 
the secret resources of nature ; but I do not think the 
spontaneous formation of the crystals, which we call 
precious stones, one of the most difficult phenomena to 
compound. 

By the slow and regular work of ages, perhaps of 
hundreds of ages, these earths may be gradually dis- 
solved by water, and as gradually deposited by their 
solvent in the slow and undisturbed process of crystal- 
lization. The regular arrangement of their particles, 
during their reunion in a solid mass, gives them th^t 
brilliancy, transparencyj and beauty, for which they 
are so much admired : and renders them in appearance 
so totally difTerent from their rude and primitive ingre* 
dients. 

Caroline, But how does it happen that they are spoa- 
taneously dissolved, and afterwards crystallized ? 

Mra, B, The scarcity of many kinds of crystals, as 
rubies, emeralds, topazes, Sec. shows that their forma- 
tion is not an operation very easily carried on in nature. 
But cannot you imagine that when water, holding in 
solution some particles of earth, filters through the cre- 
vices of hills or mountains, and at length dribbles into 
some cavern, each successive drop may be slowly eva- 
porated, leaving behind it the particle of earth which 
k held in solution ? You know that crystallization is 
isnore regular and perfect, in propordon as the evapora. 
Ition of the solvent is slow and uniform ; Nature, there- 
Hqvq, Yfho knows no Umil of viove^ V^^"^^ vw ^IV ^orks oi 
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'^lia kind, an infinite advanta}«;e over any ariint ivlio aN 
.lempts to imitate tuch productions. 

j&ttUy, I can now conceive that the arranq;ciT)cnt of 
-the particles of earth, during crystallizaiion, may Ic 
«ich as to occasion tranhparcncy, by admiiting a free 
passage to the rays of light ; biit I cannot understand 
■why crystallized earths sliould assume such beautiful 
cofaiirs as most of them do. Sapphire, for instance, is 
of a celestial blue ; ruby, a deep red ; topaz, a brilliant 
yeUow ? 

M«. i?. ' Nothing is more simple than to suppose 
that the arrangement of their particles is sucli, as to 
trmsmit some of the coloured rays of light, and to re- 
ject others, in which case the stone must ap])ear of 
the colour of the rays which it reflects. But, besides, 
•it frequently hap|)ens, that the colour of a stone is ow- 
ing to a nuxture of some metallic matter. 

Ctarolme, Pray, are the different kii>ds of precious 
itQDes each composed of one individual curlli, or arc 
they formed of a combination of several earths ? 

A&«. B. A great variety of matciials enters into 
the combination of most of them ; not onlv several 
Ctfthi, but sometimes salts and metals. The earths, 
however, in their simple state, frequently form very 
beaatifyl crystals ; and, indeed^ it is hi that state only 
that they can be obtained perfectly pure. 

Mmily, Is not the Derb^-shire spar produced by the 
crystallization of earths, in the way you have just ex- 
plained ? I haye been in some of the subterraneous cav- 
trnt where it is found, which are such as you have des- 
cn'bed. 

Mv* Jf» Yes ; but this spar is a very imperfect 
■pecimen of crystallization ; it consists of a great vari- 
ety of iogredients confusedly blended together, as you 
Buy judge by its opacity, and by the various colours and 
appearances which it exhibits. 

Bntf in examining the earths in their most perfect 
And agreeable form, we must not lose sight of that 
state in which they are most commonly found, and 
whichy if less pleasing to the eye, is far more interest- 
ing by its utility. Before we proceed further, however^ 
itbc^M- iBbservcy that although the earl\ts ^t^ coxvi\^ 
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*ered as simple substances (as chemists have not H^ 
ceeded in decomposing them) yet there is conuderabib 
-reason to suppose that they, as well as the alkali es^ are 
compound bodies. From the circumstance of theit* 
being incombustible, it has been conjectured with somis 
plausibility, that they may possibly be bodies that have 
already been burnt, and which being saturated with 
oxygen, will not combine with any additional quaatky 
of that principle. 

CaroUne. But if they have been burnt, they must 
contain oxygen, which would easily be discovered ? 

Mrs, B. Not if their attraction for -it be so aitroog 
that they will yield to no other substance ; fori dur* 
-ing the state of combination, the properties of oxygen 
may be so altered, as to be concealed entirely from 
our observation ; and it is possible that this may be the 
case with the earths. I«et us suppose them, for in- 
stance, to have been originally some peculiar metals, 
whose affinity for oxygen was so great, that they at- 
tracted it from every substance, and consequently 
would yield it to none ; such metals must ever exist in 
the state of oxyds ; and, as we should not have known 
them under their metalic fornix we could not consider 
them as metals, but should distinguish them by some 
specific name, as we have done with regard to th6 
earths. 

Caroline, That, indeed, seems very probable ; for 
metals, when oxydated, become to all appearance a kind 
of earthly substance. 

Mmily, But have the earths any of the properties of 
the metallic csyds ? 

Mrs, B 1 heir strongest feature of resemblance is 
their property of combining with the acids to form com- 
pound sahs. 

You must not, "liowever, consider the idea of earths 
being burnt bodies, as any thing more than mere con- 
jecture ; for whatever may be their constituents, until we 
succeed in decomposing them, we cannot consider thenS 
in any other light than as simple bodies. 

Mmily. Pray which of the earths are endued with^h 
JcaJine properties ? 



Al^. B, All of them, more or Ic<9 ; l^:*. there sre 
fear, barytes, magnesui, liiTie, ar.d s".r:.!i:es >»h:ch 
•re called alkaline ccrth'*, I ; c :. i • = c i ! . r y j - r. ^ 1 1 * » I ! i c M5 
qtulities in so gvcut a (^;;;'rc, ;» lo c:*i'.]c ti:em« in 
niQBt respects, to the r:-.i.!: rf uW: .lies. Ti cy cr n.b:!.c 
and ibrm conipoui:d ^.([\s \\\\\\ L:.iiii in il.c riin^e v.jr 
as alkalies; they arc, like ihcm« m:.cc;.^!':c cf a c^n- 
nderable deg;rec of c:.i:M!v:i y li.'! :.ic tiii.iiuriy iictcd 
upon by chemical te\*.s — Ti.c c.licr cant.a, biltxaiid 
tluminC} ivith cne cr iv.o ctiicl^ ci' I-'.c (:i*:co\i:.\, ere 
m some degree more CLV.i.y, *.!-.. t \^ to ^ay, ihcy pr>s- 
sessnore completely il:c p:oj?i-iUcs ccnmion lo &!1 the 
enrthg, which are, hisipidi'.y} dryness, unuitcniLlcnebs 
30 the firei infusiliUity, &c. 

Caroline, Yet, did you not tell v.s tliat silex, or sili- 
dons earths, when mixed \\iih an alkali, Mas fu&ible 
and ran into glass ? 

'Mra» B. Yes, my dear; but the chaiactciistic pro- 
perties of earths, which I hi:\c n.cniioned, arc to be 
coQudered as belonging to the in in a htute ol'];i;rity en- 
ly; a state in which they arc very hclclom to be met 
inih in nature.— Besides thc^e general properties, each 
earth has its own specific ch::r:-cteis, by A^iich it is dis- 
tingiusbed from any other LulLtuhcc. Let ls thcrefcrc 
Tenew them separately. 

Silex, or silicia, alxiunds in flint, sand, sandslonc, 
^8^C| jasper^ &c. It forms the basis of many precious 
fiooeS} and particularly of those thu stiikc Rre with 
iteel. It is rough to the touch, scratches and wears 
ftway metal ; it is acted upon by no acid but ilic fluoric, 
and IS not soluble in water by any known process ; but 
nature certainly dissolves it by means wiih which wc 
ait unacquainted, and thus produces a variety of sili- 
ciont crystals, and amongst these rock chnjstal^ which 
isihe purest specimen of liiis earth. Silex appears to 
bve been intended by Providence to form the solid ba- 
>is(tf the ^lobe, to serve as a foundation for the origin- 
al mountains, and give them that hardness and duia- 
Klitjr which has enabled them to resist the various rev- 
olutions which the surface of the earth has successively 
undergone. From these mountains silicious rocks have, 
daring the comae of oges, been gradually OltV^d\^<i\iv 
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torrents of water, and brought down in fragments; 
these, in the violence and rapidity of their descent, 
are sometimes crumbled to sand, and in this state form 
the beds of rivers and of the sea, chiefly connpoaed 
of dlicious materials. Somedmes the fragments are 
broken without being pulverised by their fall, and as- 
sume the form of pebbles, which gradually become 
rounded and polished. 

Emily. Pray what is the tme colour of ulex, wluch 
forms such a variety of different coloured substances ? 
Sand is brown, flint is nearly black, and predous stones 
are of all colours? 

Mrs. B, Pure silex, such as is found only in the 
chemist's laboratory, is perfectly white, and the vari- 
ous colours which it assumes, in the different substan- 
ces you have just mentioned, proceed from the Affer- 
ent ingredients with which it is mixed in them. 

CarcUne. I wonder that silex is not more valuable, 
bince it forms the ba^s of so many precious stones. 

Mrs. B, You must not forget that the value we set 
upon precious stones, depends in a great measure upon 
the scarcity with which nature affords them ; for were 
those productions either common, or perfectly imitable 
by art, they would no longer, notwithstanding their 
beauty, be so highly esteemed. But the real value of 
silicious earth, in many of the most useful apts, is vfcry 
extensive. Mixed with clay, it forms the baus of all 
tlie various kinds of earthen ware, from the most com' 
mon uten^ls to the most refined ornaments. 

Emily, And we must not forget its IroportaDce in 
the formation of glass with potash^ 

Mrs, B, Nor should we omit to mention, likewise* 
many other important uses of silex, such as being the 
chief ingredient of some of the most durable cementfly 
of mortars, &c. 

I said before, that silicious earth combined with no 
acid but the fluoric : it is for this reason that glass is 
liable to be attacked by that acid only, which, from it> 
<<uong affinity for silex, forces that substance from its 
contbinution with the potash, and thus destroys the glass* 
We will now hasten to proceed to the other earths^ 
i'or I am rather appTeYvensvN^ o^ -^oic ^^wing veary 
of this part of our svib^ect. 
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Carelme. The liiftlory of eaiths is nol quite so enter- 
taiamg at that of the other simple substances. 

Mtm, B. Perhaps not ; but it is absolutely indispens- 
able that you should know something of them \ fur they 
form the basis of so many interesting and important 
compounds^ thai their total omission would throw great 
obscurity on our general outline of chemical science. 
We shally however, review them in as cursory a man- 
ner- as the subject will admit of. 

AiuMf Ml derives its name from a compound suit cal- 
led oAdR, of which it forms the basis. 

GsroSiie. But it ought to be just the contrary, Mrs. 
B. The 'simple body should give, instead oftakin'c; iis 
Bune from the compound. 

Mtm, B, Very true, my dear ; but as the com- 
pound salt was known long before iis basis was disco> - 
eied| it was natural enough when the earth was at 
kngth separated from the acid, that it should derive its 
nune from the compound from which it was o'jtaincd. 
HowereF) to remo^'o your scruples, we \vill cull the salt 
according to the new nomenclature, aulfihat ofMundne. 
Fpom tlus combination, alumine may be obtained in its 
luro itate ; it is then soft to the touch, makes a paste 
idth water, and hardens in the iirc. In nature, it is 
iniiid chiefly in clay, which contains a considerable 
proportioo of this earth ; it is very abundant in fuller*s 
earth) alate, and a variety of other mineral productions. 
•There is indeed scarcely any mineral substance more 
tiaeful to mankuid than ulumine. In the state of clay, 
it ibrms large strata of the caith, gives consistency to 
the toil of vallies, and of all low and damp spots, such 
as swamps and marshes. The beds of lahes, ponds, 
and springs are almost entirely of clay ; instead of 
allowing of the filtration of water, as sand docs, it forms 
an. impenetrable bottom, and by this means water is 
accumulated in the caverns of the earth, producing 
those reservoirs whence springs issue, and spout out at 
the surface. 

£mUy, I always thought that these subterraneous 
reservoirs of water were bedded by some hard stone, o r _ 
rock, which the water could not penclrale. ^* ' 

-4^A B, This is not the cast •, for \iv \\\^ co^oxiW 

\ 
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time water would penetrate, or wear away silex, or any 
other kind of stone, while.it is effectually stopped by 
clay or ahimine. 

The solid compact soils, such as are fit for com, owe 
their consistence in a great measure to alumine ; this 
earth is therefore used to improve sandy or chalky noilst 
which do not retain a sufficient quantity of water ibr the 
piirpo§e of vegetation. 

Alumine is the most essential ingredient in all potte- 
rics. It enters into the composition of brick, as well 
as that of the finest china ; the addition of silex and 
water hardens it, renders it susceptible of a degree of 
vittilicauon, and makes it perfectly fit for its vatious 
purposes. 

Caroline, I can scarcely conceive that brick and 
china could be made of the same materials. 

Mr«. 13. Brick consists almost entirely of baked 
clay ; but a certain proportion of silex is essential to 
the formation of earthen or stone ware. In common 
poUciics sand is used for that purpose ; a more pure 
silex is, I believe necessary for the composition of por- 
celain, as well as a finer kind of clay ; and these mate**' 
rhiU are, no doubt, more carefully prepared, and curi- 
ously wrought, in t!ie one case than in the other. Por-* 
celain owes its be^iutiful semi-transparency to a com- 
inencement of viti'iiicauon. 

Emilij, But the commonest earthen ware, though 
not transparent, is covered with a kind of glazing. 

Mrs, B, That precaution is equally necessary for 
use as for beauty, as the ware would be liable to be spoil- 
ed and corroded by a variety of substances, if not COY- 
cred with a coaling of this kind. In porcelain it con-- 
sists of enamel, which is a fine while opaque glasa». 
formed of metalic oxyds, sands, salts, and such other 
nv.iieriuls as arc s'lsccptiblc of vitrificalion. The glazing 
^oi* common earthen ware is made chiefly of oxyd 
pf lead, or somclimes merely of salt, which when, 
hinly spread over car then vessels, will, at a certain 
»eat, run into opaqne p;lass. 

Caroline, And of what nature are the colours which 
•^c ui;ed iov painting cUiua ^, 
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Mn. B, Thejr arc all composed of metallic oxyds, 
■• that these coloun, instead uf raceiving injury fioni 
tbe applicallon of fire, are strengthened and developed 
bf .ill acdoDi which causes them to undergo dincrcni 
dagreea of ozydation. 

Akinune and ulex are not only often combined by 
ait| but they have in nature a very strong tendency to 
unite) and are found combined, in different pruponions, 
in various gems and other minerals. Indeed, many of 
tlw'predoua stones, such as ruby, oriental sapphircy 
anediysty Sec. consist diicfly of Alumine. 

We may now proceed to the alkaline earths. I shall 
WKf but a fiew words on Barytes, as it is hardly ever 
useds except in chemicallaboratories. It is remarka- 
ble for its great weight, and its strong alkaline proper- 
tiei| such as destroying animal substances, tuniing 
gfeen some blue vegetable colours, and shewing a pow- 
erfiil attractioa for acids ; this last property it possesses 
ID toch a degpreOy particularly with regard to the suU 
pihilric acidy that it will always detect its presence in any 
aubstance or combination whatever, by immediately 
nddng with it and forming a sulphat of barytes. This 
vonders it a yery valuable chemical test. It is found 
TCetty abundantly in nature in the state of carbonut, 
from which the pure earth can be easily separated. 

The next earth we have to consider is LiMK.-^This 
is a substance of too great and general importance to 
be (passed over so slightly as the last. 

Lime is -strongly alkaline. In nature it is not met 
-with in its simple- state, as its affinity for water and car- 
bonic acid is so-great, that it is always found combined 
with these substances, with which it forms the common 
lime-stone ; but it is separated in the kiln from these 
Ingredients, which are vohtilized whenever a sufficient 
degree of heat is applied. 

JEmily, Pare lime is then nothing but lime-stolie, 
which has been deprived m the kiln, of itS water, and 
carbonic acid ? 

Mrs. B. Precisely ; in this state it is called quick- 
Hmcj and^is so caustic^ that it is capable of decom^os- 
juc- the dead bodies of animals veTy TATi\d\^'^ \^\^^^^ 

Q2 
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their undergoing the process of putrefaction. — I have 
here some quick-lime, .which is kept carefully corked 
up in a bottle lo prevent the access of air ; for were it 
at all exposed to the atmosphere, it would absorb both 
moisture and carbonic acid gas irom it, and .be sooQ 
slaked. Here is also some lime-stone — we shall pour 
a little water on each, and observe the effects that re- 
suit from it. 

Caroline. How quick the lime hisses I It is become 
excessively hot I — It swells, and now it bursts and crum-^ 
bles to powder, while the water on the lime- stone ap? 
pears to produce no kind of alteration. 

Mrs, B, Because the lime- stone is already saturatr 
cd with water, whilst the quick lime, which has been 
deprived of it in the kiln, combines with it with very 
great avidity, and produces this prodigious disengagc-r 
ment of heat, the cause of which I formerly explained 
to you ; do you recollect it ? 

Eijiilij, Yes ; you said that the heat did not proceed 
from the lime, but from the water which was aoUdificd^ 
and thus parted with its heat of liquidity. 

Airs, li. Very well. If we continue to add succes- 
ivc quantities of water to the lime aficr being slaked 
and crumbled as you see, it will then gradually be dif- 
fused in the water, till it will at len^;th be dissolved inity 
and entirely disappear ; but for tliis purpose it requires, 
no less that 700 time its weight of waicr. This solu^ 
tion is called lime-water, 

Caroline, How very small, then, is the proportion: 
of lime dissolved. 

Airs. B. Barytes is slill of more difficult solution ; 
it dissolves only in 900 times its weight of water: but 
it is much more soliiblc in the stale of crystals. The 
liquid contained in this bottle is lime-water ; it is often 
used as a medicine, chiefly, I believe, for the purpose 
of combining with, and neutralizing the super-abun- 
dant acid which it meets with in the stomach. 

JLmibj. I am surprised that it is so perfectly clear * 
does not at all partake of the whiteness of lime. 

Mrs. B. Have you forgotten that, in scluiions, the 
oVu\ bo(\y is so nuviu\c\Y sv\\iA\\\Ov<i<\ X^'^' \V\^ CvvAd^ as to 
become invisible, and ihtvc^ovc n\\\\ \\v>v\\\v\\^\^^v>.^- 
^itc impair the lran?p'JL\ti\cy oJ \\^^ v^vAn^uv. 
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I said that tlie attraction of lime for carbonic acid 
was so strong* that it would absoib it from the atmos* 
pbere. We may see tiiis effect by expo&ing a glass of 
Ume-waterto the air: the lime will then se|>arutc from 
the watefi combine with the caibonic acid, and re-ap- 
pearoD the surface in the form of a white Clm, which is 
carbonet of lime^ commonly called c/ia/k, 

QaroUne* Chalk is then u coir. pound suit ? I never 
sboiddhave supposed that those immense beds of chulk 
that we see in many parts of the country, were a bait. 
Now, the wliite film bep:ins to appear on the surface uc 
the water ; but it is far from rebcmbling hard soUm 
chalk. 

Mr*, B» That is owing to its state cf extreme di\is- 
lOD i io a little time it will collect into a more compact 
masS) and sub&ide at the bottom (;f the glats. 

If you breathe into lime-water, the carbonic acid» 
which is mixed with the air that you expire, i;\ill pro- 
duce the same effect. It is an experiment easily made 
—I shall pour some lime-water into this glass tube, and, 
bjr brcathmg repeatedly into it, you v. ill soon perceive 
S precipitation of chalk — 

Emily, I see already a small white cloud formed. 

A/r<. B, It is composed of minute particles of 
chalk ; at present it floats in the water, but it will soon 
subside. 

Carbonet of lime, or chalk* you sec, is insoluble in 
water, since the lime which was dissolved re-a|'pcars 
when converted into chalk ; but you must take notice of 
svcry singular circumstance which is, that chalk is so- 
luble in water impregnated with cai bonic acid. 

Qaro&ne, It is very cuiious, indeed, that carbonic a- 
cid gas should render lime soluble in one instance, and 
imelublc in the other I 

MrM^ B, I have here a Tittle bottle of Seltzer water, 
which, you know, is strongly impie^^i.uit d wiih carbon* 
ic acid---let us pour a little of ic into a ^lass of lime wa- 
ler. You see that it immediately forms a precipitation 
of carbonat of lime ! 

Endiy, Yes, a white cloud appears. 

Mrg, B, I shall now pjur an adcVwiotv^A ^Vl;x\^^AV^ Ov 
(ie Seltzer \r9ter iato the lime wa^c;-^ 
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ptct in consequence of too great a proportion of chjr. 
But it would be endless to enumerate the various pur- 
poses for which it is employed : and you know enougli 
of it to form some idea of its importance : we shalli 
therefore) now proceed to the third alkaline caithj mag- 

KXSIA. 

CaroSne. I am already pretty well acquainted HUh 
that earthy it is a medicine. 

Mra, B* It is in the state of caibonat that magnesia 
is usually employed medicinally; it then dilfc: ■: < i:t 
little in appearance from its simple form, which i> that 
of a very fine light wliite powder. It dlssdves in 2000 
times its weight of water, but forms whh acids ex- 
tremely soluble salts. It has not &o great an att Dic- 
tion for acids as lime, and consequently yields ihem to 
the latter. It is found in a great variety of mineral 
combinationsy such as slate, niica, amianthus, and more 
particularly in a certain lime stone, wliich bus lately 
been discovered by Mr. Tennant to contain it in very 
mat quantities. It does not aitract and solidify watery 
hke lime ; but when mixed with water, and exposed to 
the atmosphere) it slowly ab^oi bs carbonic acid from 
the lattery and thus loses its causiicily. Its chief use in 
medicine is, like that of lime, derived fiom its readiness 
to combine withi , and nentrulizc, the acid ii> hich It 
Ineets with in the stomach. 

Emily. Yet, you said it was taken in the state of 
carbonat, in which case it is i.Irc.aJy combined with an 
|dd ? 

Mr9, B, Yes ; but the ca; i^or.ic is the last of all the 
adds in the order of ufTiiiiiics ; i. viil therefore yield 
themagncsra to any of the ot!ic.:9. Lt is, however, fre- 
quently taken in its causiic slate us a icnxrly for flatu- 
lence. Combined with sulphuric acid, magnesia forms 
another and more powerful medicine, commonly called 
(p80m salt, 

Caroline. And properly, stilfihat of magjiek-ia^ I sup- 
pose ; Pray why was it ever c*alled Epsom suit ? 

Mtb. B, Because there is a spring in the neighbor- 
Iwod of Epsom, which contains this salt in great abun^i 
dance. 
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Contterjetatton xii. 

X)X THE ATTRACTION OF COMPOSITION. 

Airs, B, 

HAVING completed our examination of the simple 
- ^r elementary bodies, we are now to proceed to those 
<of a compound nature ; but before we enter on this ex- 
tensive subject, it will be necessary to make you ac- 
quainted with the principal laws by which chemical 
combinations are governed. 

You recollect,'! hope, what we have formerly said of 
the nature of the attraction of composition, or chemical 
. sttractbn, or affinity, as it is also called ? 

.BmUy, Yes, I think perfectly ; it is the attraction 
that subsists between bodies of a different nature^ wliich 
occauons them to combine and form a compound} when 
they come in contact. 

Mr«. B. Very well : your definition comprehends 
the first law of chemical attraction, which is, that it takes 
Jiiace only between bodies of a different nature ; as, for in- 
stance, between an acid and an alkali ; between oxygen 
and a nietalj &c. 

R 
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Caroiinr, ThzLt wc ui^derstand of course ; for Um 
all faction between particles of a similar nature is that of 
r.ggrcgation, or cohesion, which is independant of any 
chemical power. 

Mr«. B. The second law of chemical attractiony is 
tl)at it takes filace only between the most minuie fiartidewof 
bodies ; therefore, the more you divide the particles of 
the bodies to be combined, the more readily they act 
upon each other. 

Caroline, That is again a circumstance which "we 
might have supposed ; for the finer the particles of the 
two substances are, the more eaaly and perfectly they 
will come in contact wiih each other, which must g^reat- 
1y facilitate their union. It was for this purpose, you 
&uid, that you uF,ed iron filings in preference to wires 
or pieces of iron, for the decomposiiion of water. 

Mr«. B. It was once supposed that no mechanical 
])0''.ver could divide bodies into particles sufficiently miiv- 
iite for them to act upon each other ; and that, in or- 
der lo produce the extreme division requisite ft^r a che- 
TT>ical action, one, if not both oi the bodies, should be 
in a fluid state. There are, however, a few instance^ 
in which two solid bodies very finely pulverized, exert 
a chemical action on one another ; but such exception? 
to the general rule are very rare indeed. 

Emily, In all the combinations that we have hither- 
to seen, one of the constiluenls has, I believe, been 
either liquor or aeriform. In combustions, for instance, 
the oxygen is taken from the atmosphere, in which it 
existed in the state of gas ; and whenever we have seen 
ncids combine with metals or with alkalies^ they were 
either in a liquid or an aeriform state. 

Mrs, JS, Tiie third law of chemical attraction is, 
t/iat it can take filace between twoy three, four^ or even a 
cater immbir of bodies, — Can you recollect any exam- 

& of these double, triple, and quadruple combina^ 
ns ? 

Caroline Oxyds and acids are bodies composed of 

r*o amslitncnis ; compound salts of three : but I re- 

* *^o instance of the combinalion of four principles, 

be amongst l\\e e3i^l\\^ \v\ xV.^ foacvaation of 
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Mra, B. Such examples very frctjueiiily •.:^ui- .'.- 
xnongst the aarths ; but you might have quoted, us in- 
stances of quadruple compouods, all those that result 
from the combination of acids with amntouia, or voU- 
tile alkali. 

Caro&ne, True. As ammonia is itself a compound* 
its umon with the acids, which arc aUo composed of 
two principles^ must form a quadruple combination. 

Afra, B, You will scon become acquainted with a 
great variety of these complicated compounds. The 
fotirth law of chemical attraction is, that a change qftem- 
iieragure alwaya iakea/tiace at the moment of combinatiou. 
This is occasioned by the change of capacity fur heal, 
which takes place in bodies, when passing from a sim- 
pie to a coml)ined state. Do you recollect any instance 
of this, Emily I 

jRmly. Yes ; when lime, or any of the alkalies, or 
alkaline earths, combine with, and solidify water, the 
whole of its heat of liquidity \% set at liberty. 

Mr». B. I had rather that you had chosen any olh- 
ftr instance, as the union of water with the alkalies and 
alkaline earths is not, strictly speaking a chemical 
combination ; for the water remains in the state of wa- 
ter tho* condensed and solidified in the alkali ; and can 
be separated from it and restored to its fluid state, mere- 
ly by the restitution of its heat of liquidity. 

I am going to show you a very striking instance of 
the change of temperature arising fiom the combina- 
tion of different bodies.*— I shall pour some nitrous acid 
on this small quandly of oil of turpentine — the oil will 
instantly combine with the oxygen of the acid, and pro- 
duce a considerable change of temperature. 

CaroHne. What a blaze 1 The temperature of the 
oil and the acid must be elevated, indeed, to produce 
such violent combustion. 

Mra, D, There is however, a peculiarity in this 
combustion, which is, that the oxygen, instead of being 
derived from the atmosphere alone, is principally sup- 
plied by the asid itself. 

Emily. And are not all combustions instances of th» 
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change of temperature produced by the chemical com- 
bination of two bodies ? 

Mrs. B. Undoubtedly ; iwben oxygen loses its gas- 
eous form in order to combine with a solid bodyi it bcr 
comes condensed, and the caloric evolved produces tha 
elevation of temperature. The specific gravity of bo- 
dies is at the same time altered by chemical combina- 
tion ; for in consequence of a change of capacity for 
heat, a change of density must be produced. 

Caroline, That was the case with the sulphuric acid 
and water, which by being mixed together, gave out a 
great deal of heat, and proporiionally increased in den^ 
sity, 

Mrs. B. I do not think the instance to which you 
refer is quite in point ; for there does not appear to bo ■ 
what we have called a true chemical combinntionilie- 
twcen sulphuric acid and water, since they aie ODl|r 
mixed together, and undergo no other change than t 
loss of caloric, so that they may be separated agaia 
from each other merely by evaporating the water. Y«t 
you have truly observed in this instance that the parti« 
cles of the two fluids so far penetrate each other, as to 
form a more compact substance* in consequence of 
which a quantity of latent heat is forced outy and thero 
is an increase of specific gravity. 

The 5th law of chemical attraction is, that the firo- 
pcrtiea vfhich characterise bodifs when sefiaratedj are alter* 
ed or destroyed by their combination, 

Caroline, Certainly ; what,, for instance, can be so 
different from water as the hydrogen and oxygen gas- 
es f 

Jiimily, Or what more unlike sulphat of iro», than 
iron or si^lphuric acid ? 

Caroline, But of all metamorphoses, that of sand and 
itash into glass, is the most striking 1 

Mrs. B. Every chemical combination is an illustra- 

m of this rule. But let us proceed 

The 6th law is, llut the force of chemical affinity; be- 

en the constituents of a body, is estimated by that wftich 

iredfor their separation. This force is by no means 

tional to the facility with which bodies unite ; for 
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Bumguieset for iostancc, which, you know, has so 
great an attraction for oxy^n, that it is never found iii 
m metallic state, yields it more easily than any other me- 
tal. 

Caroline, And likewiKe limci which has a great at- 
traction for carbonic acid, yields il to any or the other 
ncidsy and even to heat alone. 

JSmUy. But, Mrs. D. you speak of estimating the 
force of attraction between bodies, by the force requir* 
ed to separate them ; how can you measure tliese Ibr- 
cee? 

iM^. i?*. They cannot be precisely mcamredy but 
they are comparatively ascertained by experiment, and 
can be represented by numbers which express the rela- 
dve degrees of attraction. 

The 7th law is, that bo<Uc9 have amongst thcmselvea 
d'jftrent deg cet ^ attract on. Upon this law (vihich 
you may have discovered yourselves long since), the 
trhole science of chemistry depends ; ibr it is by means 
•f the various degrees of affinity which bodies have 
fcr each ether, that all the chemical compositions and 
diecompoutians are effected. Thus if you pour sul- 
phurie acid on soap, it will combine with the alkali to 
the exclusion of the oil, and form a sulphat of \iotash. 
Every chemical fiict or experiment is an instance of tho 
sanie kind ; and whenever the decomposition of a body 
h performed by the addition of any single new sub- 
stance, it is said to be effected by ample elective attrac' 
titm*i ' But it often happens, that no simple substance 
will decompose a body, and that, in older to effect this, 
you must offer to the compound a body which is itself 
composed of two, or sometimes three principles, which 
would not, each separately, perform the decomposition. 
In this ease there are two new compounds formed in 
eonscqtience of a reciprocal decomposition and recom- 
poshion. AH instances of this kind are called doudle 
Htctive attractiofia, 

Caroline, I confess I do not understand this clearly. 

Mra, B, You will easily comprehend it by the as- 
sistance of this diagram, in which the reciprocal forces 
«f attractioEt are represented by numbers ; 

n 2 ' 
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xNitric Acid 4 Lime. 

X ^^ 

Orr'ginal Comfioundm 
Nitrat of lime. 

We here suppose that we are to decompose sulphut; 
of soda ; that is to separate the acid from the alkalis 
if, for this purpose we add some lime, in order to make : 
it combine with the acid, we shall. fail in our atteroptf be- 
cause the soda and the sulphuric acid attract each oth- 
er by a force which is (by way of supposition) repre- 
sented by the number 8 ; while the lime tends to unite 
with this acid by an affinity equai to the number 6* It 
is plain, therefore, that the suiphat of soda will not be - 
decomposed, siuce a force equai to 8 cannot be oyer? 
come by a force equal only to 6. 

Caroline So far, this appears very clean 

Mrs, B. If, on the other hand, we endeavour to de- - 
compose this salt by nitric acid, which tends to combine 
with soda, we shall be equally tinsuccessful, as nitric 
acid tends to unite with the alkali by a force equal only 
lo 7. 

In neither of these cases of simple elective attrac- 
tion, therefore, can we accomplish our purpose. But 
Jet us previously combme Vo^eVVvw \.Vve lime and nitric 
'^ 'df so as to form a iW^X. o'L V\tci^> ^ Q.<ivw^\scA ^a^ 



the ccnstituents of which are united hj a power eciiial 
to •!. If thrn we present this compound to tlic sulphat 
of aoda, a decomposition will eniiuc, because the sum 
of the forces which tend to preserve the two aalt^ in 
their actual state^ is not equal to that of the forces which 
tend to decompose them'i and to form new combinaao::s. 
The nitric acid, therefore, will combine \\iih the soda, 
and the sulphuric acid with the lime. 

Cbraffiftf. i undersund you now very well. This 
double effect takes place because the nnmbers 8 and 4, 
which represent the dej^rccs of attraction of the con- 
KituenCs of the two orig;inal salts, make a sum less than 
tfae Dumberi 7 and 6, which represent the degrees of 
ittractimi of the two new compounds that will in conLc- 
quence be formed. 

Afr«. B. Precisely so 

CaroHne. But what is the meaning of quiracrnt and 
divetlant forces, which are written in the diagram ? 

Mn, B» Quiescent forces are those which tend to 
presenre compotmds in a state of rest, or such as they 
actually are : divellant forces are those which tend to 
destroy that state of combination, and to form new com- 

TKese are the principal circumstances relative to the 
dioctriiie of chemical attractions, which have been laid 
down m rules by modem chemists ; a few others might 
be mentioned respecting the same theory, but of less 
Iflpoitance) and such as would take us too far from our 
plan. I sAioold, however, not omit to mentinnthat Mr. 
fiertholktr • celebrated French chemist, has shewn, 
that whenever m chemical operations there is a display 
of contrary attractions^ the combinations which take 
place depend not only upon the affinities, but also, in 
Sflrme dc^;reej on the propor lions of the substances con-. 
edneo*. 
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Cont)er0atton xni. 



On Comfiound Bodies, 




Mrs, B. 

Having now given you some idea of the laws hf 
which chenucal attractions are governed, we may pro- 
ceed to the examination of bocUes that are forined wl 
consequence of these attractions. 

The first class of compounds that present themidves- 
to our notice, in our gradual ascent to the most oom- 
plicated. combinations, are bodies composed, of only twa 
principles. The sulphurets, phosphorets, eartmretSi 
Ice. are of this description; but the most numeroii» 
and important of these. compounds are the combinatioiM- 
of oxygen with the various «imple substances with. 
which it has a tendency to unite. Of these y<»x havo 
already acquired some knowledge, and I hope you will- 
not be at a loss to tell me the general names by which- 
the combinations of oxygen with other substances aroi 
distinguished ? 

Emily • I believe you tokl us that air the combioft* 
lions of oxygen produced either oxyds or acids \ 

Mrs, B, Very right ; and with what simple bodieft'.^ 
will oxygen combine, Caroline I 

Caroline, With all the clenoentary sukbstancesy ex- 
C£.pting the earths and alkalies. 

Mrs, B, Very well, my dear ; we may now, there- 
fore, come to tlie oxyds and acids. Of the roetAllic 
oxydSf you have already some general notions. Thi» 
subject, though highly interesting in its details,, is not o£ 
buHicient importance to our concise view of chemistry ». 
*o be particularly treated of ; but it is absolutely ne- 

ksary that you should be better acquainted with th« 
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iujds, and likewise with their combinations with the aT- 
blies, which form the triple compound called Neu^ 
TRAL Salts. 

You have, I believe, a clear idea of the nomencla- 
ture by which the base (or radical) of the acid, and the 
Tarious degrees of acidification, are expressed ? 

Emily, Yes, 1 think so; the acid is distinguished. 
hy the name of its base, and its degree of acidity by the 
teroiinaticn of that name in otu or ic ; thus sulphurous 
acid is that formed by the smallest proportion of oxygen 
combined with sulphur ; sulphuric acid is that which 
results from the combindtlon of sulphur with the great>» 
eit quantity of oxygen. 

Mrn* B» A still greater latitude may, in many cases, 
be allowed to the proportions of oxygen than can be 
comUned with acidifiable radicals ; for several of these 
ludicals are susceptible of uniting with a quantity of ox- 
^g^n 80 small as to be insufficient to gire them the 
properties of acids ; in these cases therefore, they are 
voDferted into oxyds. Such is sulphur, which by ex- 
fosuro to the atmosphere with a degree of heat inad* 
equate to produce inflammation, absorbs a small pro- 
portion of oxygen, which colours it red or brown. This 
therefore is the first degree of oxygenation of sulphur ; 
'Ihe 9d converts it into sulphuroi/^ acid ; the 3d into sul- 
phuifc acid ; and, 4th1y, if it was found capable of com- 
bining with a still larger preporlion of oxygen, it would 
then be termed tufier'Oxygenated milphuric acid, 

Emily, Are these various degrees of oxygenation 
common to ali acids ? 

Mtb, B, No ; they vary much in this respect ; some 
are susceptible of only one degree of .oxygenation ; 
ethers, of two, or three ; there are but very few that 
will admit of more. 

Carolinr^ The modem nomenclature must be of 
immense advantage in pointing out so easily the nature 
of the acids, and their various degrees of oxygenation. 

Mrs, B. Certainly. But great as are the advan« 
tages of the new nomenclature in this rtfspect, it is not 
possible to apply it in its full extent to all the acids, be- 
cause the radicals or bases of some of them are stUl un- 
known. 




190 

Caroline. If you are acquainted with the acidj I can- 
not understand how its basis can remain unknown ; you 
have only to separate the oxygen from it by elective 
attractions, and the bases must remain alone f 

Mrs. B. This is not always so easily accomplished' 
as you imagine : for there are some acids which no 
chemist has hitherto been able to decompose by any 
means whatever. It appears that the basis of these 
undecompounded acids have so strong an attracticm for 
oxygen, that they will yield it to no other substance ; 
and in that case, you know, all the efforts of the chemv 
ists are vain. 

Mmily. But if these acids have never been decom"^ 
posed, should they not be classed with the simple bo- 
dies : for you have repeatedly told us that the simple 
bodies are rather such as chemists are unable to decom- 
pose, than such as arc really supposed to conust of OD^- 
ly. one principle ? 

Mr; B, Analogy, affords us so strong a proof of.' 
the compound nature of tlie undecompounded acid^ 
that I could never reconcile myself to classing thenL' 
with the simple bodies, though this division haa beeo. 
adopted by several chemical writers. It is certainly 
the most strictly regular ; but, as a systematical ar- 
rangement is of use only to assist the memory in retail- 
ing fids, we may, I think be allowed to deviate from 
it when there is danger of producing confusion by fol- 
lowing it too closely :— and this, I believe, would be 
the case, if you were taught to consider the undecom- 
pounded acids as elementary bodies. 

Jimily, I am sure you would not deviate from the 
methodical arrangement without good reason. But 

\y what are the names of these undecompounded. 

ds? 

Mrs, B, There are three of that description : 
The Muriatic acid. 
The Boracic acid. 
The Fluoric acid, 
pee these acids cannot derive their names from 
iradicals, they are called after the compound sub- 
55 from which ihey are exlructed. 
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VaroSne. We hare heard of a great variety of acidi ; 
pny bow many are there in all ? 

Mr9. B. 1 believe there are reckoned at present 
thirty-fouri and their number \% constantly increasing, 
as the acience improves ; but the most important, and 
Uioae to which we shall almost entirely confine our at- 
tentionf are bat few. I shall, however, give you a gcn- 
■eral mw of the whole ; and then we shall more panic* 
-iilaiiy exanodoe those that are the most essential. 
m Thit data of bodies was formerly divided into mine- 
•ral) 'vegetable) and animal acids, according to the sub- 
stances from which they were extracted. 

CaraffMf. That I should think must have been an 
#«aBce11ent arrangement ; why was it altered ? 

fSr9. B» Because in many cases it produced con- 
.Toaioa. In which class, for instance, would you place 
.carbonic acid ? 

-' CmroBne. Now I see the difFiculty. I should be at 

:m loss where to place it, as you have told us that it ex- 

^Ka in the animal, vegetable, and mineral kingdoms. 

ff^JBsmUy* There would he the same objection with 

f Tespept to phosphoric acid, which, though obtained 

iCfanfl? from bones, can also, you said, be found in small 

qoantidea in stones, and likewise in some plants. 

Afrt. B. You see, therefore, the propriety of chang- 

. ing this mode of classification. These objections do 

L not eziat in the present nomenclature ; for the cem- 

^ position and nature of each individual acid is in some de- 

. gree pointed out, instead of the class of bodies from 

wluchh is extracted; and, with regard to the more 

general division of adds, they are classed under these 

mir heads : 

lat. Acids of known aifd simple bases, which arc 
A>nned by the union of these bases with oxygen. 
They are the following : 
The Stdphuric 
Cardomc 
Mtric 

Pho^ihoric ^ Acids of known and 

Artenicul | simple bases. 

M&fyAdenic 
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1 



The Lactic 
Prutitiic 

n ,. I Ari'.ls (>r iii;*iC Diiscs, 

Jsombtc > • I • 1 



St'battc 

Zoonic 

Litthic J 



I have p;iven this vimmury account or cniimrmiioti 
-of the aciil?, cis you nay iiiul it more siiii^!'ui:tory td 
have at once an outline, or ^'ciicral notion of tT.;: extent 
'of the subject ; but \vc «h til now confine odvm Ives t(i 
the two first cbsscs, wljicli rcrj'iiic fur more ip.:i"Cfiiiktc 
attention; and defer the remarks which wc ^\..\\ lia\« 
to make on the oiheis, t'lll ve tre;u ol the chemistry of 
the animal and vegetable kinr^doms. 

The acids of sinrtple and known rndi.als nrc nil ca- 
pable of being '.}eronnprii.cd by cf..ii'Hisiil)Ic < -xiics, lo 
vhich they yield their o\y$i^ en. If, f(;r in .tunce, I pour 
a drop of sulphuric ari:! uii tiiis piece oi iron, it will pro- 
duce a spot of rust; you know v.Iial ihut i-: \ 

Caroline, Yes, it is an o:;yd, formed by the oxygen 
of the acid combininj^ with the iron. 

Afr9, D. In this case you sec the sulphur deposits 
the oxyp:en by which it was acidified on the metal — • 
And again, if we pour some acid on a comixmnd com- 
bustible substance, (we shail try it on this piece of wood) 
it vrill combine wi I h one or more of ihc constituents of 
tliat substance, and occasion a decomposition. 

* Jirmly. It has changed the colour cf the wood to 
black. Huw is that I 

Mr; B. The oxygen deposited by the acid has 
burnt it ; you know that wood in 1)urning becomes black 
\>cfore it w reduced to ashes. Whether it derives the 
oxygen which burns it from the atmosphere, or from 
any other source, the chcuiical effect on the wood is 
the same. In the case of real combustion, wood be- 
comes black l)ecause it is reduced to the state of char- 
coal by the evaporation of its other constituents. But 
can you tell me the reason why wood turns black when 
lyirnt by the application of on acid i 

H 
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CaroSne, First tell me what arc Qic ingredients of 
wood ? 

J^Irs. B, Hydrogen and carbone are the chief cofi* 
siituents of wood, as of all other vegetable substances.^ 
Carolinr. Well, then, 1 suppose that the oxygen of 
the acid combines with the hydrogen of the wood, to 
form water ; and that the caibone of the woody re- 
maiiiing alone% appears of its usual black colour. 

Mrs, B, Very well, indeed, my dear i that b cer- 
tainly the most plausible explanation. 

Bmily. Would not this be a good method of making 
charcoal ? 

Mr9. B. It ift-ould be an extremely expensive^ and 
I believe very imperfect method ; for the action of the 
acid on the wood, and the heat produced by it, are fiur 
from sufficient to depiive the wood of all its e\'aporable 
parts. 

Caroline, What is the reason that vinegar, lemcni 
and the acids of fruits, do not produce this effect oil 
Vood ? 

Mr«. B. They arc vegetable acids whose bases arc 
composed ot hydrogen and carbone ; the oxygen, there- 
fore, will not be disposed to quit this radical, where it 
is already united with hydro^en. Tiie strongest of 
these muy, perhaps, yield a little of their oxygen to 
the wood, and produce a stuin upon it ; but the carbone 
will not be sufficiently uncovcicd to assume its black 
colour. Indeed, the several mineral i*cids themselves 
j^ossess this power of chaiiing vocd in very difiercnt 
degrees. 

Cannot vegetable acids be decomposed by 
(tibles ? 

No ; because their radical is composed of 
ices which liuvc a greater atiractiou for o5y- 
any kiiown body. 

le. ' And aie those stiong acids which bum and 

kpose wood, capable o<^ producing similar effects on 

and flesh of animals ? 

tra, B, Yes ; all the niineral ariJs, and one of 

»ecially, possess ]>o\verful caustic quali- 

allv coTvo'Xe ^T\i d^^aVf^^' Uv<; skin and 
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ffefth : but lliey do not produce npcn these exactly the 
same alteration at ihey do on wood, piibably Ixcuusc 
there is a g^at proportion of niiro[;cn mid otl:c:r siili- 
atanccs in animal maticr» ^f liicli prevent:* the scpiratioii 
bI carbonc from being so conspicuous. 



ConDei'0atfon xiv. 

^ ike Suffikuric and Phfin/thoric jicidu ; e^* the combinn- 
iivm ^ Oxygen wih Suifihur afid Phonfihortui ; and 'if 
tbt Sulphat9 and Pho*pha!9. 



Mr9, B, 

bi. addition to the general sui^ey which we htve 
taken of acids, I think you will find it interesting; to ex* 
amine individually a fe\f of the most important of thenif 
and likewise some of their principal combinations with 
Ite alkatiesi alkaline earths, and metals. The first of 
the acidsi in point of importance, is the sulphuric for- 
merly called oil qf vit ioL 

Caroline, I have known it a long time by that name, 
but had no idea that it was the same fluid as sulpluric 
acid. What resemblance or connection can there be- 
between oil of vitriol and this acid I 

ATr*. B, Vitriol is the common name for suYphat of 
irony a salt which is formed by ihc combination of sul- 
phuric ackl and iron ; the sulphuric acid was formerly 
obtained by distillation from this salt, and it very natur- 
ally received its name from the substance which aHbrd* 
cd it. 

Caroline, But it is still usually called oil of \itiiol ? 

4ifct. A Yes ; a sufficient length ot Umci Vvvx'^ wciX. 
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yet elapsed, since the invention of the new nomendife-' 
turc, for it to be generally disseminated ; but as it is ar 
cloptcd by all scientific chemists, tliere is every reason to- 
suppose that it will gradually becpme universal. When . 
I received this bottle from the chemist's, the name writ- 
ten on the label was oil of vitriol ; But, as 1 knew you 
were very punctilious in regard to the nomenclature^ I 
changed it, and sut^stitulcd the modern name. 

llmily, 1'his acid has neither colour nor ftrnttUj but 
it appears much thicker thati the water. 

Mm, B. It is twice as heavy as water, anci has, you 
bee, an oily consistence. 

Caroline, And it is probably from this circumstance 
that is has been called an oil, for it can have no real 
cklm to that name, as it does not contain either hydr^ 
gen or curbone) which are the essential constituents to 
oil. 

Mrs. B* Certainly ; and therefore it would be ifte. 
mere absurd to retain a name which owed its origin to 
such mistaken analogy. 

Sulphuric acid in its purest state, would be a con*. 
Crete substance, but its attraction for water is such, that- 
ii is impossible to preserve it in that state, it is, there- 
fore, always seen in a liquid form, such as you here 
find it. One of the most striking properties of sul- 
phuric acid is that of evolving a considerable quantity of 
li&4t when fnixcd with water ; tliis 1 have already shewn 
you. 

IHndly, Yes, I recollect it ; but what was the degrojS 
of heat produced by that mixture ? 

Ma, B. The tlicrmgrneter may be raised by it to 

300, which is considerably above the degree of boiling 
*■ wat^^^ 

ji^^^^bff. Then water might be made to boil In that 

jfi. Nolliing more easy, provided that you cm- 

Acicnt quantities of \xCui uiid of water, and ia 

m proportions. The greatest heat is produced 

xture of one part of water to four of the acid : 

I make a mixture of these proporiions, and im- 

' HI glass lube, which is lull of water, into 



CaroUne. The vessel feels extremely hot, but the wai- 
ter does not boil yet. 

Mr9, B, You must allow some time for the heat to 
penetrate the tube, and raise the temperature of the wa- 
ter to the boiling point.-- 

CaroHnt. Now it boils^and with increasing vio- 
lence. 

A^. D. But it will not continue boiling long ; for 
the mixture- gives out heat only while the panicles of 
the water and the acid are mutually penetrating each 
other: as soon as the new arrangement of those pani- 
cles is effected, the mixture will gradually cool, and tlio 
WAter return to its former temperature. 

You have seen the manner in which sulphuric acid 
decomposes all combustible substances, whether ani- 
mal, vegetable, or mineral, and bums them by means of 
its oxygen i 

Caroline. I have very unintentionally repeated the 
experiment on my gown, by letting a drop of the acid 
iiiH upon it, and it has made a stuin, which, I supposc'i 
iriU never wash out. 

A6rt, B.. No, certainly ; for, before you can put it 
into water,' the spot will become a hole, as the acid ha:i 
fiterally burnt the muslin. 

Cwo6n€. So it has indeed I Well, I will fasten tho 
•topper and put the bottle away, for it is a dangerous • 
sub^ance— Oh, now I hcive done worse still, for 1 liave 
■]nlt some on m^ band ! • 

, Mp», Bj It 18 then burned, as well as your gown, 
lor you imow that oxygen destroys animal as well as ve- 
getable matter ;. and, as far as the decomposition of the 
ikb of your finger is effected, there is no remedy ; but, 
by washing it immediately in w'ater, you will dilute the : 
acid, and prevent any further injury. 
Caro&ne, It feels extremely hot, I assure you. 
itfrt. B, You have now learned, by experience, 
Inw cautiously this acid must be used. You will soon 
become acquainted with another acid, the nitric, which 
though it produces less heat on the skin, destroys it stiU 
quicker, and makes upon it an indelible smi\. X<^>)l'<' 
M^mldBerer handle any substances of t\\h Wii\^% n<\%V 

3U 
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out previously clipping your fingers in water, which 
will weaken iheir caustic effects. — But since you will 
not repeat the experiment, I must put in the stopper, 
for the acid attracts the moisture from the atmosphere, 
which Would destroy its strength and purity. 

Emily. Pray how can sulphuric acid be extracted 
from sulphat of iron by distillation \ 

Mrtf. B. The process of distillation, you know, con- 
cists in separating substances from one another by mean» 
of their different degrees of volatility, and by the intro- 
duction of a new chemical agent, calonc. Thus, if sul- 
phat of iron be exposed in a retort to a proper degree of 
heat, it will be decomposed, and the sulphuric acid will- 
be volatilized. 

£mily. But now that the process of forming apids 
by the combustion of their radicals is known^ why fihould 
not this method be used for making suiphudc acid ? 

Mrs, B. This is actually done in mo^t manufactures ; 
but the usual method of preparing sulphuric acid does, 
not consist in burning the sulphur in oxygen gas, (as we. 
formerly did by way of experiment), but in heating it 
together with another substance, nitre, which yields ox- 
ygen in sufl^cient abundance to render the combustioii 
in common air rapid and complete. 

Caroline, This subbtancc, tlien, answers, the same 
j^urpose as oxygen gas ? 

' Mr«. B. Kxactly. In mamsfacturcs tl>€ combustioa 
is performed in a leaden chamber, with water at tho 
boitom, to receive the vapour, and assists its condensa- 
tion. The combustion is, however, never so perfectt 
but that a quantity of sulphurous acid is formed at the 
same time ; for you recollect that the sulphurous acid 
differs from the sulphuric only by containing less ozy« 
gen. 

From Its own powerful properties, and from the va • 
rlous combinations into which it enters, sulphuric acid 
is of great importance in many oT the arts. 

It is used also as a medicine in a state of great dila- 
tion ; for were it taken internally, in a conccoirated 
,6tate, it would prove a most dangerous poison. 

Care tine, J am V>YC it. would burn the ilwoat and sto- 
mach. 
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Mra, D. Can you think o( any thing that woaIi4' 
^yrove an antidote to this poison ? 

Caroline, A large draught of water to dilute it. 
Mn. B. That would certainly wealicn the power of 
the acKdy but it would increase the heat to an intolera- 
ble degite. Do yon recollect nolhins; that would de- 
stroy its deleterious properties more effectually ? 

Jimibf. An alkali might, by combining with it ; but 
then, a pure alkali is itself a |K)lcon) on account of its . 
caostidty. 

Mrs, B, There is no necessity that the alkali sliouUI 
be caustic. Soap, in which it is combined with oil : or 
magnesia^ either in a state of corbonat, or mixed witli- 
water, would pro\e the best aniidutes. 

£mily. In -those cases, then, I suppose, the potash 
ladthe magnesia would quit their combinations to form 
siha with the sulphuric acid ? 
A&«. B. Precisely. 

We may now make a few obserfations on the sul- 
.phuroiM acid, which we have found to l)e the product of 
lolphur slowly and imperfectly burnt. — ThisWid is dis- 
ttoguiahcd by its pungent smell, and its gaseous form. 
CtttQ&n^, Its aeriform state is, 1 supi^ose, owing to 
the smaller proportion of oxygen, which renders k 
lighter than sulphur re acid I 

Mn. B, Probably ; for by ackling oxygen to the 
neakcr. acid, it may be converted into the stronger kind. 
Sut this change of state may also U: connected with a 
change of affinity wiih regard to calorie. 

£naily. And may sulphurous acid be obtained from 
ndphuric acid by a dimunition of oxy^^en ? 

Mr**, B, Yes : it can be done by bringing any com- 
bustible substance in contact wiih the acid. This dc- 
*coinpositioo is most easily performed by some of the 
uetalB ; these absorb a portion of the oxygen from the 
tuiphuric acid, wliich is thus converted into the sulphu- 
onis, and flies off in its gaseous form. 
- ^"aroHne. And cannot the sulphurous acid itself be 
^composed and reduced to sulphur ? 
i)iM. B» Yes ; if this gas be heated in contact 
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^harcoaly the oxygen of the acid irill combine with ii^ 
^nd the pure sulphur be regeoe^tted. 

Sulphurous -acid is readily absorbed by water ; and 
•in this liquid stale it is found pardcularly useful in bleach- 
ing linen and woolen cloths, and is much used in man- 
ufactures for those purposes. I can shew you its effect 
in destroying colours, by taking out any iron mould, or 
vegetable stain—I think I see a spot on your gow% Em« 
ily, on which we may try the experiment. 

EmUy. It is the stain of mulberries ; but t -shaU he- 
almost afrsdd of exposing my gown to the experiment, , 
after seeing the effect which the sulphuric acid produc^i*- 
ed on that of Caroline— 

Mrs. B. There is no such danger from the sulphuiv 
ous ; but Uie experiment must* be made with great : 
caution ! for, during the formation of aulphiuous acidi 
by combustion, there is always some sulphuiic produ- 
ced. 

Qaro&nc. But where isyour si^phurous add ? 

Mr«. B.. We may .ea^ly< ppepare 8ome.ouTaelve%>. 
simply 1^ hurning a match ; we must first wet thastain^ 
with a Uttle water, and now hold it in this way^ at a 111- 
tie distance^ over the lighted match : the vapour that 
arises from it is sulphurous acid, and the stain, you see, . 
gradually disappears. 

Emily, I have frequently taken out stains by thif 
means, without understandbg the nature of the pro* 
cess. But why is it necessary to wet the stain before^ 
it is exposed to the acid fumes \ 

Mva, B. The moisture attracts and. absorbs the sul* 
phurous acid ; and it serves likewise to dilute any par- 
ticles of sulphuric acid which might Injure the lineo^ . 

Sulphur is susceptible of a third cominnation with . 
oxygen, in which the proportion of the lattev is too- 
small to render the sulphur acid. It acquires thia slight 
oxygenation by -mere exposure to the atmosphere^. 
A'iihout any elevation of temperature : in this case, the^ 
jlphur does not change its natural form, but is^mly 
Iscoloured, being changed to red or brown; and io. 
iis state it is an oxyd of sulphur. 

Before we luke leave «f the sulphuiic. acid, we shaU^ 
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sajr afew words of its principal combination. It unUcs 
with all the alloJics, alkaline earths, and metals, to form 
comiwund salts* 

OmUne, Pray, give me leave to interrupt you for 
• moment ; you have never mentioned any other salts 
thao the compeund or neutral suits ; is there no other 
land? 

iU^«. B. The term salt has been used* from time 
immemorbl, as a kind of general iiume, for any bub- 
itince that has savour, odour, is soluble in water, and 
c^atallizable, whether it be of an uci^, an alkaline, or 
compound nature ; but tlie compoin^d &alts alone retain * 
that appellation in modem chemistry. 

The most impoitant of the suits, formed by the com- 
bination of the sulphuric acid, are, first, nutfifmi %f fiot* 
BiA, formerly called «a/ fntiythrest ; this is a very bitter 
I adt, much used in medicine ; it is found in the ashes of 
most Vegetables, but it may be prepared artificially by 
the iaimediate combination of sulphuric acid und pot- 
ash. Thi;i salt is easily soluble in boiliUf; wi.\.cv. So- 
lubility isy jodeed, a property, common to all salts ; and 

tbey iiJways pi*oduce cold in melting. 
iM/y. That must be owing to the caloric which.. 

tkey afafiorb in passing from a solid to a fluid form. 
Mr^ B. That is, certainly, the most probable ex- - 

pbnatioR. 
Sul/ihat of todOf commonly called Glauber's sa}t, is 

mother medicinal salt, which is siill more bitter than 

the preceding. We must prepare some of these com- 

pooBds, that you^ may observe the phenomena which 

tskes place during their formation. We need only 

pour some sulphuric acid over the soda which I put iu« 

to this glass. 
Caro&ne. What an amazing heat is disengaged. I 

thought yoU' ssud that cold was produced by the mehing 

Of salts 1 
Afrj. B. But you Hiust observe that we arc now* 

maidng not mtliing a salt. Heat is disengaged during 
the -formation of compound salts, because the acid goes 
into a more dense state in the salt than that in which it 
existed belore. A faint light is also em\\\t^> h«\C\!c)b 
jB»/ aomedmes be perceived in the d^Y^» 
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Emty. If the oxygen* in combining with the a1ka« 
& disengages light and heat, an actual combuBtion takes 
place. 

Mra, B. Not so fast, my dear ; recollect that tbe^ 
alkalies are incombustible substances» and incapable of 
combiDing with oxygen singly. They are not acted on 
by this principle, unless it presents itself in a state ctf 
union with another body ; and, therefore, the conbina* 
tion of an acid, with 8.n alkali cannot be called combuar 
tion. 

Caroline, Will this sulphat of soda become solid ? 

Mra^. B.. We have not, I suppose, mixed the aci£ 
and the alkali in the exact proportions that are require 
ed for the formation of the salt, otherwise the mixture- 
would have been almost immediately changed to a so- 
lid mass ; but, in order to obtain it in chrystalt, as you. 
see it in this bottle, it would be necessary first to dilute 
it with water, and afterwards evaporate the water, du- 
ring which opeitition the salt, would gradually crystal- 
lize. 

Caroline. But of what use is the addition of water, i£' 
it is afterwards to be evaporated ? 

Mrs. B, When suspended in water, the acid and 
the alkali are more at liberty to act on each other, their 
union is more complete, and the salt assumes the- regu« 
lar form of chrystals during the slow evaporation of its. 
solvent. 

Sulphat of soda liquefies by heat, and effloresces in: 
the air. 

Mmily. Pray what is the meaning of the word efflo*- 
reacea ? I do not recollect your having mentioned it be-- 
fore. 

^Ira. B, A salt is said to effloresce when it loses its 

of crystallization on being exposed to the atmos- 

and is thus gradually converted into a dry pow- 

you may observe that these crystals of sulphat of 

are far from possessing the transparency which 

longs to their crystalline state ; they ai e covered 

ith a white powder, occasioned by their having been 

exposed to the atmosphere, which has deprived their 

»urfj lustre, by absorbing its water of crystalli^ 
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«uiaD. Salto arei m generali ciiher fffl'.rfkcmi or r.V* 
Uqueacenti tids Utter properly » prrciMly the rever«e 
of the former : that is to Kay, deliriucscerit tults abforb 
water from llie atnio«pliere, aixJ arc moistrretl ami 
gndiuJly melled by it. Muriut of lime i& ao ioa'-ance 
of great deliqueaceiice. 

Endly. But arc there no salts that have the same 
degree of attraction for water as tiie atmosjihere, and 
that will consequently not be affircted by it \ 

Mrs. B. Yes ; there are mariy such salts ; as. for 
iostancef common salt, sulphat of ma[;nesia, and a 
variety of others. 

SuifiAat qf lime is very frequent?? met with in na*ure, 
md constitutes the well known sub&tance called gy/.^ 
Murn^ or /kAu/fr of Pant, 

Sulfihat ff magneua, commonly called KpHr.m ao/:^ is 
BBodier very bitter medicine, wiii;.li is obt Jried from 
sea-water and from several sptings, or m.iv Lc (>!e;):.r- 
ed by the direct connhinarion of its i:<^rr.'c:ien*b. 

We have formerly nicr.iiMicd Aj/.*/r;r ^y .'/.- .i:.':.r a% 
coosdtuting the common alum ; il it i'oiMi:! in n^Mire 
chiefly in the netghiiorhor.d of votc-jitiov arc! i^ pji:H.ii- 
larly useful in the aiis, from ns b*.ror:{; astiiiK^eti! '||J4- 
litiea. It is chitfly employed by dyers aitrl calic o.pri;.t- 
ers to fix colours ; and is used albo in ilse nmriuficiLre 
of-, leather. 

Sulphuric acid combine? a!&o wi:li i!ic inculs 

Caroline, One of tliese cuml*in4iiori^ wl/i/tai ofir-^fij 
we are already well acquainted v.ith. 

Mr», B. That is the most imporiant n.ct^fliic Kilt 
formed by sulphuric acid, arid the only che th«r we 
shall here notice. It ii of great use in tiic '<!/*%: ar»d 
in medicine, it affjids a very valuable tci.'c : \\ \s of 
this tah that most of those prepai<tiioris called t^'V inr- 
didnes are com posed. 

Catolhte. But docs any ca'.Uone enter iir.o th«he 
compositions to form steel ? 

jMrf. B, Not an atom; tbcy are, therf:ioir;, vrry 
imprc^si'ly called steel ; but it h the vul-^'.^ir a|ipf;ll.(* 
tioDy and medical men thcmvclves o!u;n cotn^ily wcli 
the general custom. 
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"Sulphat'of iron may be prepared, as you have sect!, 
by dissolving iron in sulphuric acid : but it is generally 
obtained from the natural production called Pyrites^ 
virhich, being a sulphuret of iron, requires only expor 
sure to the atmosphere to be oxydated, in order to 
form the salt ; this, therefore, is much the most easy 
ivay of procuring it on a large scale. 

Emily. I am surprised to find that both acids and 
compound salts are generally obtained from their vari- 
ous combinations, rather than from the immediate 
union of their ingredients. 

Mrs, B, Were the simple bodies always at hand> 
their combination would naturally be the most conve- 
nient method of forming compounds ; but you must 
consider that, in most instances, there is great difficulty 
and expen&e in obtaining the simple ingredients from 
their combinations ; it is, therefore, often more expe- 
dient to procure compounds from the decomposition of 
other compounds. But to return to the sulphat of iron. 
There is a certain vegetable acW caHcd Gallic acidy 
which has the remarkable property of precipitating 
this salt black. — I shall pour a few drops of the gallic 
acid into this solution of sulphat of iron— 

Caroline, It is become as black as ink ! 

Mrs. B, And it is ink in reality. Common writing 
ink is a precipitate of sulphat of iron by gallic acid % 
the black colour is owing to the' formation of gallat of 
iron, which being insoluble, remains suspended in the 
fluid. , 

This acid has also the property of ahering the co- 
lour of iron in its metallic state. You may frequently 
see its effects on the blade of a knife that has been 
used to cut certain kinds of fruits. 

Caroline. True ; and that is perhaps the reason that 
a silver Knife \\ preferred to cut fruits ; the gallic acidi 
I suppose, does not act upon silver.— Is this acid found ' 
in all fruits ? 

Mrs. B, It is contained, more or less, in the ti^ 
of most fruits and roots, especiallj^ the radish) wfaldi 
if scraped with a steel or iron knife, has its bri^t red 
colour changed to a deep purple, the knife being at the 
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. blackened. But (he Tcgctable substincc in 
giillic acul mo^t a^unds is nutgad^ a kind of 
".re that gro'Ai un Oukt, aiv'. frbm which the 
iTixnoolj oJ'.siir.ed for iis various purposes. 



' B. We now come to the phosphoric zrj\ 
'fOROCS ACIDS- In treating of pi.ot^horus, )cu 

seen bow these acitis may be obiained fron; i: by 

iistioo ? 

"//v. Yes; but I should be much surpri-cd if it 

le iiiual method of Gbiair.ing ihero, sicce k is so 

uiffioah to procure phcsphcrus in its pure sta:e. 
.i'«. B, You are tight, my dear; the phosphoric 
, lor general purposes, is extracted f.oni bones, 
iiich k 11 contained in the state of phcspha: of lime ; 
1 ihis nh the phosphoric acid is scp«ra:ed by means 
le mlphinic, which combines ui-.h the lime. In its 
i atatCy phosphoric acid is either liquid or solid ac« 
liog to hs degree of ccncen: ration. 
imoogit the salts formed by this acid, fik'^jii of 

is the only one that afibrds much interest ; and this, 
bRTe already observed, constitutes the basis of all 
Bs. It is also found in very small qu2ii'.i'.ies in some 
etablei. 



Conberjeiation xv. 

!le miric and carbonic acids ; or the c/mbimatianM tfoX' 
fen With nitrogen and carbtme ; and K*f the mtraia and 
vAonatOm 

Mrs. B. 

am almost afraid of introducing the subject of the 
Aic ACID, as I am sure that I shall l)c blamed by 
iofinc for Dot haring mude her acquainted with It be* 
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ImnSne. Why soj Mrs. B. — ? 
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Mrs, B, Because you have long known Its radicali 
ivliich is nitrogen or azote ; and, in treating of that ele- 
ment, I did not even hint that it was the basis of an 
acid. 

Caroline. Indeed, that appears to me a great omis- 
sion ; for you have made us acquainted with all the oth- 
er acids, in treating of their radicals. 

Emily, I would advise you not to be too hasty in 
your censure, Caroline ; for I dare say that Mrs. B. 
had some very good reason for not mentioning this add 
sooner. 

Mr^. B. I do not know whether yon will think the 
reason sufficiently good to acquit me ; but the omissioni 
I assure you« did not proceed from negligence. You 
may recollect that nitrogen was one of the first simple 
bodies which we examined; you were then ignorant 
of the theory of combustion, which I believe was, for 
the first time mentioned in that lesson ; and therefore 
it would have been in vain, at that time, to have attempt- 
ed to explain the nature and formation oi acids. 

Caroline. I wonder, however, that it never occured 
to us to inquire whether nilrogen could be acidified ; for, 
as we know it was classed amongst the combustible bo- 
dies, it was natural to suppose that it might produce ui 
acid. 

Mrff. B. That is not a necessary consequence ; for 
it might combine wiih oxygen only in the degree re- 
quisite to form an oxyd. But you will find that nitro- 
gen is susceptible of various degrees of oxygenation] 
some of wliich convert it merely into an oxyd, and oth- 
ers give it all the acid propcrUcs. 

The acids, resulting from the combination of oxygen 
with nitrogen, are called the nitrous and nitric acids. 
We will begin with the nitric, in which nitrogen is in 
the highest state of oxygenation. This acid naturally 
exists in the form of gas ; but it is so extremely soluble 
in water, and has so great an affinity for it, that one 
r^rain of water will absorb and condense ten grains of 
ucid gas, and form the limpid fluid which you see in tliis 
bottle 
Cui What a strong offensive smell it has ! 
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Mr*, B. This acid contains a greater abundance of 
•sygen than any otlier, but it retains it with very little 
fiuxe. 

Emily, Then it must be a powerful caustic, both 
fipom the fadlity with which it parts with its oxygen, and 
the quantity which it affords ? 

Mt9. B, Very well} Emily ; both cause and effect 
■re exactly loch as you describe : nitric acid burns and 
deitroys all kinds of organized matter. It even sets 
fire to some of the most combustible substances. We 
shall pour a little of it over this piece of dry warm char- 
eoel— you see it inflames it immediately ; it would do 
the same with ml of turpentine, phosphorus, and seve- 
nl other very combustible bodies. This shews you 
how eaaily this acid is decomposed by combustible bo« 
£es, aince these efiects must depend upon the absorp- 
tion of ozy^n. 

Nitric acid has been used in the arts from time im- 
nemorial, but it is not more than twenty five years that 
ks chemical nature has been ascertained. The cele- 
brated Mr. Cavendish discovered that it consisted of 
about 10 parts of nitrogen, and 25 of oxygen.* These 
principles^ in their gaseous state, combine at a high 
temperature ;. and this may be effected by repeatedly 
passing the electrical spark tiirough a mixture of the 
tliro gaases. 

MmUy* The nitrogen and oxygen gasses, that com- 
pose the atmosphere, do not combine, I suppose, be- 
cause their temperature is not sufficiently elevated ? 

Caroline. But in a thunder storm, when the light- 
ning repeatedly passes through them, may it not pro- 
duce nitric acid ; we should be in a strange situation if 
a violent storm should at once convert the atmosphere 
into nitric acid. 

Mr9. B, There is no danger of it my dear ; the 
Hghtning can affect but a very small portion of the at- 
mosphere, and though it were occasionally to produce 
a little nitric acid, yet this never could happen to such 
extent as to be perceivable. 

• ThtpnpordoatttMtedbj Mr. Davy, in his CYktaC\w\^** 
UMivioff- vc as J. to ^ $Sq. 
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Emly, But how could the nitric acid be known» and 
used, l^fore the method of combining its conslituentip 
WiiS discovered ? 

Mrs, B, Before that period the nitric acid was ob- 
tained, and it is indeed still extracted for the commoTL 
purposes of art, from the compound salt >vhich it forin& 
"with potash, commonly called n:tre» 

Caroline. Why is it called so? Pray, Mrs B. kt 
these old unmeaning names be entirely given upy by 
us at least ; and let us call this salt nitrat t^f fiotoMh* 

Mrs. B. With all my heart ; but it is necessary that 
I should, at least, mention the old names, and more t,%^, 
pecially those that are yet in common use ; othenvi^e|. 
when you meet whh them, you would not be able to uDn. 
^erstand their meaning. 

Mmily, And how is the acid obtained from this salt ^ 

Mrs. B, By the intervention of sulphuric, add, which, 
combines with the potash, and sets the nitric acid at 
liberty. Tiiis I can easily show you, by mixing some- 
nitrat of potash and sulpliuric acid in this retort and. 
heating it over a lamp ; the nitric acid will come over, 
in the form of Tapour, which we shall collect in a glasl. 
bell. This acid diluted in water is commonly called 
aqua Jof-tUi if Caroline will allow roe to mention that> 
name. 

Caroline. I have often heard that aqua fortis will dis-. 
solve almost all metals ; it is no doubt because it yields, 
its oxygen so easily. 

Mrs. B. Yes ; and from this powerful solvent pitK 
perty, it derived the name of aqua fortis, or strong wa« 
ler. Do you not recollect that we oxydated, and after*, 
wards dissolved some copper in this acid ? 

liinily. If I remember right, the nitrat of eopper. 
was the first instance you gave us of a comi>ound salt ?. 

Caroline, Can the nitric acid be completely decom- 
posed and converted into nitrogen and oxygen ? 

Emily. That cannot be the case, Caroline, since the 
acid can be /decomposed only by the combination of its 
coristituents with other bodies. 

Mr*. B. True ; but caloric is sufficient for this pur- 
pose. By making the add p^^ xXveoM^h a red hot por- 
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eelftiii tube^ it is decomposed ; the nitrogen and oxjr- 
gen regain the caloric which they had lost in combi- 
mngi and are thus both restored to their gaseous state. - 

The nitric &cid may also be iMirtly decomposed, and 
IS by tlus means converted into mitrovs acio. 

Caroline. This conversion must be easily effected, 
as the oxygen is so slightly combined with the nitrogen. 

Mn.* B The partial decompoution of nitric acid is 
rea^y effected by most metals ; but it is sufikient to 
expose the nitric acid, to a very strong light to make it 
g^ve out oxygen gas, and thus be converted into nitrous 
add- Of this acid there are various degrees, accord- 
ing to the proportions of oxygen which it contains ; 
the s t rongest and that imo which the nitric acid is first 
CQDvertedy is of a yellow colour, as you see it in this bot- 
tle. 

Caroline, How it fiunes when the stopper is taken 

cut. 

Mr«. B. The acid exists naturally in a gaseous state, 
sad is here so strongly concentrated in water that it is 
OQDStantly escaping. 

Here is another bottle of nitrous acid, which, you 
see u of an orange red colour ; this acid is weakei'i the 
nitrogen being combined will a smaller quantity of ox- 
ygen ; and with a still less proportion of oxygen it is 
an otive green colour, as it appears in this third bottle. 
In short, the weaker the acid, the deeper is its colour. 

Nitrous acid acts still more powerfully on some in-- 
flammable substances than the nitric. 

Emily, I am surprised at that, as it contains less oxy- - 
gen. 

Mr», J3, But, on the other hand, it parts with its oxy- 
gen much more readily : you may recollect that we once 
nflamed oil with this acid. 

The next comlnnations of oxygen and nitrogen form 
only oxyds of nitrogeni the first of which is common-- 
ly called tiitrotu air : or more properly nitric oxyd gaa. 
This may be obtained from nitric acid, by exposing, 
the latter to the action of metals, as in dissolving them 
it does not yield the whole of its oxygen, but retains a- 
{lordon of this prificipie 8u£Bcient to comtiX \X mo ^dcQ% 

T 2 
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peculiar gas, a specimen of which I have prepared^ 
and pt*eserved within this inverted glass bell. 

JEmily, It is a perfectly inYisiblc elastic fluid. 

Mra. B. Yes; and it, may be kept any length of 
time in this manner ovef water, as it is not, like the 
nitric and nitrous acids, absorbable by it. It is rather 
heavier than atmospherical air,' and is incapable of sup- 
porting either combustion or respiration. I am* goin^ 
to incUne the glass gently on one side, so as to let some 
of the gas escape — 

£jnUy, How very curious !— It produces orange 
fumes like the nitrous acid ! that is the more extraor- 
dinary, as the gas within the glass is perfectly invisible. 

Mr9, B. It would give me much pleasure if you 
could make out the reason of this curious change with* 
out requiring any further explanation. 

Caroline^ It seems, by the colour and smell, as if 
it were converted into nitrous acid gas ; yet that cannot 
be, unless it combines with more oxygen ; and how 
can it obtain oxygen the very minute it escapes fix)m the 
glass ? 

Emity. From the atmosphere, no doubt. Is it not so, 
Mrs. B? 

Mra. B. You have guessed it / as soon as it come* 
in contact with the atmosphere it absorbs from it the ad- 
ditional quantity of oxygen necessary to convert it into 
nitrous acid gas. And, if I now remove the bottle en- 
tirely from the water, so as to bring at once the whole 
of the gas into contact with the atmosphere, this con- 
version will appear stiJl more striking. 

Emily, Look, Caroline, the whole capacity of the 
bottle is instantly tinged of an orange colour ! 

Mrs. B, Thus you see it is the most easy process 
imaginable to convert nitrous oxyd gas into nitrous acid 
gas. The property of attracting oxygen from the at- 
inosphere, without any elevation of temperature, has 
occasioned this gaseous oxyd being used as a test for 
ascertaining the degree of purity of the atmosphere. 
I am going to show you liow it is applied to this purpose 
—You see this graduated glass tube, which, is closed 
Mwiecjjdj (Biaie YliL Fig, I9J^I first fill it with 
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wsteFf and then introduce a certain measure of ni'.rcas 
gaS) which, not being absorbable by water, passes thro' 
it, and occupies the upper par: of the tu:>e. I must 
DOW add rather above two thirds of oxvgen ga^. which 
will just be sufficient to convert the nitric osyd g^ in* 
to nitrous add gas. 

Ccaroline, So it has !*-I saw it turn cf an cran^e ro- 
lour; but it immediately afierwards disappeared er.rsre- 
ly, and the water, you Me, has lisen, aiy.l almost filled 
the tube. 

Mv* B, That is because the acid gas is absorbable 
by water, and in proporJon as the gas ifT.prf:{;;Tz2*es the 
water, the latter rises in the tube. When tre r.ST^tn 
gas is very pure, and the required propor Ion of f)i':i~ 
OKyd gas very exact, the whole is abv«r^>ed by the vic* 
tcr; but if any other gas be irixcd vij'.h uit oxr^cfi, 
instead of combining with the nitric oxyd, ii wiil rcnrjiii 
uid occupy the upper part oi the tuVe ; or, if the i:.i«.- 
sesbe not in the due propcni<'.n. there wiil l;e a rcMdne 
of that which predominates. — 13c fore we leave this sub- 
ject, I must not forget to remaik, thut nitric acid may 
be tormed by dissolving nitric oxyd ^zs in nitric " ri. 
This solution may be effected sin; ply hy making bi.:. ^.cs 
of nitric oxyd gas pass through ni'.ric aciJ. 

Mwity, That is to say. that nitrogen, at Its highest 
degree of oxygenation, being mixed wi;h rji'.:ogcn at 
its lowest degrea of oxygenaiion. w'::l p^ro^.tice a kiiidof 
intermediate substance, which is riiric acid. 

Mr9m B. You have stated the facr with great preci- 
sion.—- There are Tarious oiher methods o I" prep-iiir*^ 
nitrous oxyd, and of obtaining it from compound bodies ; 
but it is not necessary to enter into these particulars. It 
remains for me only to mention another cirious modifi- 
cation of oxygenated nitrogen, tihich has been distin- 
guished by the name of gtueoua oxyd of nitrogen. It is 
but lately that this gas hns been accurately examined, 
and its properties have been chieQy investigated by Mr. 
Davy. It has obtained also the name of exhilirattng 
gas, from the very singular property which that gentlc- 
maih has discovered in it, of elevating the animal spirit 
whMHiihaled into the Jungs, to a degvtt ^Qm^Vvcci!i:.*3it^ 
Mcmtiioft4»Uvkim or iatoxicaiion. 
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Caroline. It is respirable, then ? 

Mrs. B. It can scarcely be called rea{Hratile^ as if 
wouid not support life for any length of time t but it 
may be breathed for a few moments without any cAber 
effects, than the singular exhiliration of spirits I have - 
just mentioned. It affects different people, howeverf 
in a very different manner. Some become violenti even • 
outrageous : others experience a languor, attended with « 
faintness ; but most agree in opinion, that the sensa« 
tions it excites art extremely pleasant. 

Caroline. I. think I should like to try it— how do you- 
breath it ? 

Mrs, B. By collecting the gat in a bladdery to whicli« 
a short tube with a stop-cock is adapted ; this is applied 
to the mouth with one hand, whilst the nostrils are kept^' 
closed with the other, that the common air may have* 
no access. You then alternately inspire, and expire* 
the gas, till you perceive its effects. But I cannot con* 
sent to your making;, the experiment^; for the nerves* 
are sometimes unpleasantly affected by it, -and I would- 
Dot run any risk of that kind. 

Emily, I should like, at least, to see spmebody^ 
breathe it ; but pray by wliat m^ans is this curious gas » 
obtained ? 

Mr^r B. It is procured from nitrat of ammovva^ an* 
artificial salt, which yields ihis gas on the application 
(if a gentle heat — I have put some of the salt into a 
retort) find by the aid of a lamp the gas will be extri-- 
calcd — 

Caroline. Bubbles of air begin to escape through the 
neck of the retort into the water apparatus ; will you: 
not collect them ? 

Airs. B, The gas- that first comes over is never pre- 
served, as it consists of little more than the common < 
air which was in the retort; besides, there is always* 
in this experiment a quantity of watery vapour which 
must come away before the nitrous oxyd appears^ 

Emily. Watery vapour ! Whence does that pro-- 
ceed \ there is no watci; in nitrat of ammonia ! 

Mr«. B. You must recollect that there is in every 
^air a qmniiiy of water of CTY«ulUzatlon which mjy be 
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. •vapomted by heat alone. But, besides this, water is 
actually generated in this experiment, as you will see 
presently. But first tell me, what are the constituent 
parts of lutrat of ammonia ? 

Emily. Ammonia^ and nitric acid : this salt^ there* 
fore, contains three different elements, nitrogen and: 
hydrogeni which produce the ammonia ; and oxygen, 
which, with nitrogen, forms the acid. 

MfM, B, Well, then, in this process the ammonia 
is decomposed ; the hydrogen quits the nitrogen to com- 
bine with some of the oxygen of the nitric acid, and' 
forms with it the watery vapour which u now coming 
over. When that is effected, what will you expect to 
find?. 

£amhf. Nitrons acid instead of nitric acid, and nit- 
rogen instead of ammonia. 

il5v* B. Exactly so f and the nhrous acid, and ni- 
trogen combine, and form the ga&cous oxyd of nitro- 
gen, in which the proportion of oxygen is 37 paits to 
63 of nitrogen. 

You may have observed, that for a little while no bub- 
bles of air have come over, and we have perceived on- 
ly a stream of vapour condensing as it issued into the 
' water^—- Now bubbles of air again make their appear- 
ance* and I imagine that by this time all the watery. 
Tapogr is come away, and that we may begin to collect 
the gas. We may try whether it is pure by filling a 
phial with it, and plunging a taper inio it — yes, it will 
do now, for the taper bums brighter than iu the com- 
mon air, and with a greenish fiame. 

Caro&ne. But how is that ? I thought no gas would 
support combustion but oxygen. 

Mra, B, Or any gas that contains oxygen, and is 
ready to yield it, which is the case with this in a con- 
vderable degree ; it is not, therefore, surprising that 
it should accelerate the combustion of the taper^ 

You see that the gas is now produced in great abun- 
dance ; we shall collect a large quantity of it, and " 
dare say we shall find some of the family who will 
curious to make the experiment of respiring it. Wl 
tl48 process is going on, we may lake ^ ^^Vi%\'^ "s^ 
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of the most important combination of the nitric and ni- 
trous acids with the alkalies. 

The first of these is nierat oj fiotoih^ commonly caU-^ 
ed nitrej or mltfietre. 

Caroling. Is not that the salt with which guopowdcF 
i^ made I 

Mra. B. Yes. Gunpowder is a mixture of fiva- 
parts of nitre to one of sulphur, and one of charcoaL— . 
Nitre from its great proportion of oxygen, and fiom. 
the facility with which it yields '% is the basis of mostt 
detonating compositions. 

^ Endly, But what is the cause of the Tiolent detonii* 
tion of gunpowder when set fire to ? 

MvM, B. Detonation may proceed from two causes ^, 
the sudden formation or destruction of an elasdc flind.. 
In the first case, when either a solid or liquid ii instaii«i 
taneously converted into an elastic fluids the prodigioua^ 
and sudden expansion of the body strikes the air witli, 
great violence, and this concussion produces the sound} 
called detonation. 

Caroiine, That I comprehend very well ; but bow 
can a similar effect be produced by the destruction of a, 
gas? 

Mrs. B. A, gas can be destroyed only by condens*. 
ing it to a liquid or solid state ; when this takes place 
suddenly, the gas, in assuming a new and more coni'*. 
pact form, produces a vacuum into which the surround- 
ing air rushes with great impetuosity ; and k is by that 
rapid and violent motion that the sound is produced^-^ 
In all detonations, therefore, gasses are either, sudden* 
ly formed, or destroyed. In that of gunpowder, can, 
you tell me which of these two circumstances takea. 
place ? 

£mily. As gunpowder is a solid, it must of course,, 
produce the gasses in its detonation ; but how, I can-p 
not tell. 

Mrs. B, The constituents of gunpowder, when. 
heated to a certain degree, enter into a number of new 
combinations, and are instantaneously converted into a 
variety of gasses, the sudden expansion of whigh give^- 
rhe to the detonation.. 
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CdhAm^. And in what instance does the destruction 
W oondematioD of gasses produce detonation ? 

Mn, B. 1 can gi\e you one with which you arc 
irdl acquainted ; the sudden combination of the oxygen 
mod hydrogen gasscs. 

Caroline, True ; I recollect perfectly that hydrogen 
'detonates with oxygen when the two gasscs are conver- 
ted into water. 

Mr; B. But let us return to the nitrat of potash. 
Thh lalt is decomposed when exposed to heat, and 
mixed with any combustible body, such as carbone, 
tnlphafi or metals, these substances oxydating rapidly 
at the expense of the nitrat. I must si:cw you an in- 
fltance of tiiii^-«I expose to the fire some of the salt in 
a amall iron ladle, and when it is suiTicicntly heated, 
eddto it fiome powilered charcoal : this will attract the 
oxygen from the salt, ar.d be converted into carbonic 



EmUy, But what occasions that crackling noise, and 
those nvid flashes that accompany it ? 

Mn, B, The rapidity with which the carbonic acid 
gii 11 formed, occasions a succession of small detona- 
noni, which, together with the emission of flame, is 
called de/lagratiim, 

Mtrai qf ammonia we have already noticed, on ac- 
count of the gaseous ox yd of nitrogen which is obtuned 
iiom it* 

Mtrat f^ wUver is the lunar caustic, so remarkable 
ftr its property of destroying animal fibre, for which 
pupoae it u often used by surgeons. — We have said 
so much on a former occasion, on the mode in which 
ctnsticsact on animal matter, that I shall not detain you 
MKf longer on tlus subject. 



We now come to the carbonic acid, which we 
bifo already had many opportunities of noticing. Yo*^ 
ttooQect that this acid may be formed by the combi 
tin of carbone whether in its imperfect state of chi 
coali or in its ptirest form of diamond. And it is i 
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l)ecessary, for this purpose, to burn the carboiih ib 
piiie oxygen gas, as we did in a preceding lecture ; for 
you need only light a piece of charcoal and suspend it 
tinder the receiver on the water bath. The charcoal 
will soon be extinguished, and the air in the receiver 
will be found mixed with carbonic acid, the process, 
however, is much more expeditious if the combustion 
be performed in pure oxygen gas. 

Caroline, But how can you separate the carbonic 
acid, obtained in this manner, from the air with which 
it is mixed ? 

Mrs. B, The readiest mode is to introduce under 
the receiver, a quantity of caustic lime, or caustic al- 
kali, which soon attracts the whole of the carbonic acid 
to form a carbonat.—- The alkali is found increased in 
weight, and the volume of the air is diminished by a 
quantity equal to that of the carbonic acid which was 
mixed with it. 

Emily. Pray is there no methtNi of obtaining pure 
carbone from carbonic acid ? 

Mrs. B, For a long time it was supposed that car- 
bonic acid was not decomposable ; but Mr. Tennant 
discovered, a few years ago, that this acid may be de- 
composed by burning phosphorus in a closed vessel 
with carbone of soda or carbonat of lime ; the phos- 
phorus absorbs t)^e oxygen from the carbonat, whilst ' 
the carbone is separated in the form of a black powder. 

Caroline, Cannot we make that experiment ? 

Mrs, B, Not easily ; it requires being performed 
with extreme nicety, in order to obtain any sensible 
quantity of carbone, and the experiment- is much too 
delicate for me to attempt it. But there can be no 
doubt of the accuracy of Mr. Tennant*s results ; and 
all chemists now agree, that 100 parts of carbonic acid 
gas consist of about 28 parts of carbone to 72 of oxygen 
gas. 

Carbonic acid gas is found very abundantly in nattire* 
it is supi)osed to form about a hundredth part of tho 
atmosphere, and is constantly produced by the respirs^ 
tion of animals ; it exists in a great variety of combina* 
lions, and is exhaled from many natural composiuensh 
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tt is coDUined in a state of great purity in certain caYea, 
'such aa tbe Grato del Cancj near Naples. 

Mwdly. I recollect having read an account of that 
grotto^ and of the cruel experiments made en the poor 
doga, to gratify the curiosity of stranp^ers. But 1 un- 
derstood that the vapour exhaled by this cave was call- 

Mr%^ B, Vhat is the name, by Mhich carlv^nic acid 
*va8 know before its chemical composition was disrov- 
*credd*-This gas is more destiuciive of life than any 
:other ; and if the poor animals that are submitted to 
in eflfectSf are not plunged into cold water as soon as 
Ibey become scnaeleas, they do not recover. It extin- 
gniahea flame instantaneously. I have collected some 
in this gla»a» which 1 will pour over the candle. 

CaroHne. This is extremely singular — it seems to 
'extingoiah it as it were by enchantment, as the gas is 
innsible. 1 should never have imagined that a gas 
toiild have been poured like a liquid. 

Mra. B. It can be done with carbonic acid only, as 
^ other gaa is sufiiciently heavy to be susceptible of be- 
ing poured out in the atmospherical air, without mixing 
Vithit 

£ndly. . Pray by what means did you obtain this gas ? 

Mra. B. ' I procured it from marble. Carbonic acid 
*pA has so strong an attraction for all the alkalies and 
alkaline earths> that these are always found in nature in 
tbe state of carbonats. Combined with lime this acid 
%)nna chalk, which may be considered as the basis of 
sU lunds of marble and calcareous stones. From these 
substances carbonic acid is easily separated, as it ad- 
heres so slightly to its combinations, that the carbonata 
are all decomposable by any of the other acids. I can 
tadly shew you how I obtained this gas ; I poured some 
diluted sulphuric acid over pulverized marble in this bot- 
tle (the same which we used the other day to prepare 
hydrogen gas), and the gas escaped through the tube 
connected with it ; the operation still continues, as you 
may easily perceive—- 

EmUy. Yes, it does, there is a great fermentation 
in the glass vessel. What singular commQl\oT\ \% ^^cv 

U 
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ted by the sulphuric acid t^kin^ poftscssionnf the limti 

and driving out the carbonic acid I 

Caroline. . But did the carbonic acid exist in a gtaaoos 
state in the marble ? 

Afra, B, Of course ; not the acid when in « atate of 
combinationi is capable of existing in a solid form* 

CaroUne, Whence, then, does it obCsdn the caloric 
necessary to conyert h into gas? 

Mra. B, It ina^ be supplied in this case firom the 
mixture of sulphuric acid and water, which produces 
an evolution of heat, even greater than is required fot 
the purpose ; since, as you may perceive. by touchiag 
the glass vessel, a considerable quantity of the caloric 
disengaged becemes sensible. But a supply of caloric 
may be obtained also from a diminution of cafMitrity for 
heat occasioned by the new combination which takee 
place ; and, indeed, this must be the case when other 
acids are employed for the disengagement of carboiuc 
acid gas, which do not, like the sulphuric, produce heat 
on being mixed with water. Carbonic acid may fike- 
wise be disengaged ftx)m its combinations by heat alonej 
which restores it to its gaseous state. 

CaroUne, It appears to me velry extraordinary that 
the same gas, which is produced by bunung of wood 
and coals, should exist also in stones, marble, and chalk, 
wliich are incombustible substance s^ 

Mr: B, I will not answer that objection^ Curolioei 
because I think 1 can put you in a way of doing it you^ 
self. Is carbonic acid combustible ? 

Caroline. Why, no^— because it is a body that bai 
been already burnt, it is carbone only, and not the add| 
that is combustible. 

Mra, B. Well, and what inference do you draw from 
this ? 

Caroline. That carbonic acid cannot render the bo- ' 
dies in which it is contained combustible ; but that sim- 
ple carbone does, and that it is in this elementary state 
that it exists i?) wood, coals, and a great variety of oth- 
er combustible bodies. — Indeed, Mrs. B. you are vciy 
ungcnercus ; you are not satisfied with convincing nf 



Huft my oibjectlons are frivolouiy but you oblige me to 
prove them so myaelf. 

Mn* Bn Tou most confins, however, that I make 
mmple amends for the detection of error, when I enable 
you to disoover the truth. You understand, now, I hope 9 
that caitiooic add is equally produced by the decompo- 
sition of challc, or by the combustion of charcoal. These 
piooeasea are certainly of a very different nature ; h) the 
nrat case the acid is already formed, and requires noih- 
inr Biore than heat to restore it to its gaseous state ; 
whilet b the latter, the acid Is actually formed by the 
piocesa of oombustioai 

Corofine. I understand it now perfectly. But t have 
jott been thinkla^ of another difiicultyt which I hope 
3roil will excuse my not being able to remove myself. 
Dow doM the immense quantity of calcareous earthy 
^vhicb is spread all over the g^lobje, obtain the carbonic 
add which is coinbioed with h ? 

Mt9, B. This question is, indeed, not very easy to 
.vnwer ; but I conceive that the general carbonization 
.of cakareoua matter may have been the effect of a gen- 
enl contfNMtion, occasioned by some revolution of our 
globei aod producing an jimmensie supply of carbonic 
edd) inth which the calcareous matter became impreg- - 
QUed ; or that tins may have been effected by a gp-adu- 
at abaorpcion of carbonic acid from the atmosphere.-— 
But this subject would lead us to discussions which Wjo 
cannot indulge iui without deviatipg too much from our 
subject. 

£mUy. I(ow does it happen that we do not perceive 
the pernicious effects of thi; carbonic acid that is float- 
yig in the atmosphere ? 

Mr9, B, Because of the state of very great dilution 
Ml which it exists there. But can you tell me, Emily, 
what are the sources which keep the atmosphere con- 
stantly supplied with this acid ? 

Mndly. 1 8up|x>8e the combusiion of wood, coal9) and 
other substances, that contain carbone. 

Mr; B» And also the breath of animals. 

CaroBne, The breath of animals ! I thought you 
said that this gas was not at all respirable, but, on the 
jpPO.trary, extreme!;^ poisonous. 
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^frt. B. So it is; but although animals canaol 
breathe in carbonic acid gas, yet, in the pit)cess of re*, 
spiration, they have the pover of forming this gas in 
their hings ; so that the air which we expire^ or reject 
from the lungs, always contains a greater proportion of- 
carbonic acid} which is much greater thaii that which, 
is commonly found in the atmosphere. 

CaroSnc. But what is it that renders carbonic acid; 
such a deadly poison ? 

Mrs, /?. Tbe manner in which this gas destfoys^ 
life, seems to be merely by preventing the access to 
rcspii-able air ; for carbonic acid gas, unless very much. 
diluted with common air« does not penetrate into the 
lungs, as the rindpipe actually contracts, aiid refuses, 
it admittance —But we must dismiss this subject at pre- 
sent} as we shall have an opportunity of treating of re-, 
spiration much more fuUyi when we come to the chem*. 
ical functions of animals. 

Emily. Is carbonic acid as destructiTQ to the life oi; 
vegetables, as it is to that of animals \ ^ 

Alts. B. If a vegetable be completely immersed m. 
it) I believe it generally proves fatal to it ; but mixed in. 
certain proportions with atmospherical air, it is on the 
contrary, very fuvourable to vegetation. 

You remembei') I supposct our mentioning tbe min- 
eral waters, both natural and ariiiicial, which contain, 
carbonic acid gas I 

Caroline, You mean the Seltzer water ? 

Mrs, B, That is one of those which are most used ; 
there are, however, a variety of others into which car* 
bonic acid enters as an ingredient ; all these waters are 
usually distinguished by the name of acidulous or gase* 
ous TFdncrql waters. 

The class of suits called carbonats is the most nuitier- 
ous in nature ; we must pass over them in a very cur- 
sory manner, as the subject is fur too extensive for us. 
to enter on in detail. The state of cai bonat is the natu- 
ral state of a vast number of minerals, and particularly- 
of the alkalies and alkaline earths, as they have so . 
great an attraction for the carbonic acid> that they arq^ 
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dUnost'almjTB fimnd combined with it ; and vou may 
umllect that it if only by aeparatinf then mm this 
add, that they acquire that cauiticity and those striking 
qualities wluch 1 hare formerly described. AH mar- 
blesy chalks, shells, calcareous spars» and lime- stones 
of every description, are neutral saltSi in which lime^ 
their oommoD basis, has lost all its characteristic pro- 
perties. 

Btmfy. But if all these various substances are form- 
ed by the imioo of lime with carbonic acid, whence a- 
zises their diversity of form and appearance ? 

Mn. B, Both from the dificrent proportions of their 
component parts, and from a variety of foreign ingre- 
tients which may occauonally be mixed with them : 
the veins and colours of marble, for instance, proceed 
Irom a mixtive of metallic substances ; silex and alu- 
nunc also frequently enter into these combmations, 
Tlie various carbonau therefore, that I have enumerat* 
ad, cannot be considered as pure unadulterated neutral 
ssltt,. although they certainly belong to that class of bo» 
dies* 



Contiewatfon XVI. 

Qn the muriatic and oxygenated muriatic aci^i ; and om 

muriat*. 



'Mr*, B. 

Wc come now to the undecompounded acids*— The 
WJRiATiG, formerly called the marimb acid, is the 
ooly one that requires our particular attention. 
The basis of this add, as I have told you btCot^^ Vsi 
I knowsD^ mB Mttewpts to decompose \\ hu.N\n^\a>3Dk 
^ U 2 
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proved fruitless ; it is, therefore, by aoalogy OBlyi tbdt 
we suppose it to consist of a certain substance or racUcaly 
•combined with oxygen. 

CaroUne, It can then never be formed by the com- 
bination of simple bodies, but must always be drawn 
from its compounds. 

jLmily, Unless the acid should be found in nature un- 
co mbined with other substances. 

Mra, B, I believe that is never the case. Its prin- 
cipal combinations are with soda, lime and TOag;nena. 
Muriat of aoda^ is the common sea-saitt and from thii 
substance the acid is usually disengaged by means of 
the sulphuric acid. The natural state of the muriaiic 
acid, is that of an invisible permanent gas at the -conv* 
mon temperature of the atmosphere 4 but it has an ex- 
tremely stvonjy attraction for water, and assumes the 
form of a whitish cloud, whenever it meets with any 
moistute to combine with. This acid is remarkable for 
its peculiar and very pungent smell, and possesses, in. 
a powerful degree, most of the acid properties. Here 
is a bottle containing muriatic acid in a liquid state. 

QaroHne, And how is it liquified ? 

Mr*. B. By impregnating water with it ; its strong 
attraction for water makes it very easy to obtain it in 
a liquid form. Now, if 1 open the phial, you may ob- 
serve a kind of vapour risring from it, which is muriatic 
acid gas, of itself invisible, but made apparent by com- 
bining with the moisture of the atmosphere. 

Emily, Have you not any of the pure muriatic acid 
gas? 

Mr9, B. This jar is full of that acid in its gaseous 
state— -it is inverted over mercury instead of water, be- 
cause, being absorbable by water, this gas cannot be 
confined by it — I shall now raise the jar a little on one 
side, and suffer some of the gas to escape — You see 
that it immediately becomes visible in the form of a 
cloud. 

Emily. It must be, no doubt, from its uniting with 
the moisture of the atmosphere, that it Is converted in- 
to this dewy vapour. 
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Mr§. B. C^vtainljr ; and for the same reason, that 
is to saji iti extreme eagerness to unite with water, 
this gas will cause snow to melt as rapidly as an intense 
£re. 

EmUy» Since this acid cannot be decomposed, I 
suppoae that it is not susceptible of diflcrent degrees 
of oxygenation ? 

Mrt* B. You are mistaken in your concluuon ; for 
though we cannot deoxygenatc tliis acid, yet we may 
«dd oxygen to it. 

Caroline. . Why then is not the least degree of ox- 
ygenadoD of the acid, called the muriatoua^ and the 
hKbcr degree the muriatic acid ? 

Mr«. B. Because, instead of becoming, like other 
acidsy more dense, and more acid by an addition of ox- 
ygeDi it is rendered on the contrary more volatile, more 
pungent, but less acid, and less absorbable by water. 
These drcumstances, therefore, seem to indicate the 
iropriety of making an exception to the nomenclature. 
The highest degree of oxygenation of this acid has been 
disdnguished by the additional epithet of oxijgenated^ 
or, for the sake of brevity, oxy^ so that it is called the 
^jftfgemHedf aspy-muf iatic acid. This likewise exists 
io-a gaseous form, at the temperature of the aiinos- 
phere ; It is also susceptible of being absorbed by water^ 
and can be congealed, or solidified, by a certain degree 
oTcold. 

Enaiy. And how do you obtain the oxy- muriatic 
acid? 

Mr9, B, By dbtilling liquid muriatic acid over ox- 
yd of mangandse, which supplies the acid with the ad- 
4lidonal oxygen. One part of the acid being put into 
a rtfioit}. with two parts of the oxyd of manganese, and 
the heat of a lamp applied, the gas is soon disengaged, 
and may be received over water, as it is but spaiingiy 
absorbed by it. 1 have collected some in this jar — 

CuroUne, It is not invisible, like the generality of 
psaes ; ibr it is of a yellowish colour. 

Mn. M. The muriatic acid extinguishes 
whilst, on the contrary, the oxy-muriaiic makes 
•flame larger, and gives it a dark red co\o\^. C«cik 
juxaimt ibr this difference m the two SLC\d&^. 
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MwUt}, Yes> I think so ; the muriatic acid caninil: 
tie decomposed, and therefore will not supply (he flame • 
"with the oxygen necessary for its support ; but when = 
this acid is farther oxygenated it will part with its ad- 
ditional quantity of oxygen, and in this way supports- 
combustion^ 

Mrs. B, That is exactly the case ; indeed the oz-- 
ygen, added to the muriatic acid) adheres sa slightly 
to ity that it is separated by mere exposure to the lunV > 
rays. This acid is decomposed also by combustible 
bodies, many of w})ich it bums, and actually iaflameS)^ 
without any previous increase of temperature. 

Caroline, That is extraordinary, indeed i 1 hope- you' 
mean to indulge us with some of : these experiments ? 

Mra, B. I have prepared several glass jars of oxy« • 
muriatic acid gas, fi>r that purpose; In the first we * 
shall introduce - some Dutch gold leaf-^Do ]2oa.6bserye : 
that it takes fire ? 

£mUy. Yes, indeed it doe&— how wonderful it is I ' 
it became immediately red hot, but was soon smother*- 
ed in a thick vapour. 

Caroline. Good lieavens !.'what a disagreeable smell^ 

Mrs. B, We shall try the same experiment with > 
phosphorus in another jar of this add.— You had better 
keep your handkerchief to your nose when I <^n i^— • 
now let us drop into it this little piece of phosphorus-— 

CaroUne. It burns really : and almost as briltiantly as - 
iiT oxygen gas ! But what is most extraordinary^ these 
combustions take place without the* metal or phospho- 
rus being previously lighted, or even in the> least heated. 

Mrs. B, All these curious eff(£cts are owing .to the 
Tery great facility with which thb acid yields oxygen 
to such bodies as are strongly disposed to combine with 
it. It appears extraordinary indeed to see bodies, and 
metals in particular, melted down and inflamed, by a 
gas, without any increase of temperature, either of 
the gas or of the combustible. The phenomenon^. 
however, is, you see, well accounted fon 

Emily, Why did you bum a piece of Dutch f;old* 
leaf rather than a piece of any other metal ? 

'^s, B, Because) m tlht &c^l :^W^) \xS& ^ ^^tsi\«c^ 
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fldoo of mctab consisting chiefly of copper, which, 
bamt rawfily ; mmI I use a thin metallic leaf in prefer- 
eH» to s Ininp of metal, because it oflers to the action, 
of tfie goo bat a small quantity of matter under a largo, 
wrfcce^ -FiliDga, or shavings, would answer the pur- 
poie neasly as well ; but a lump of metal, though tho 
mi&oe would ozydate with g^reat rapidity, would not 
take fire. Pure gold is not inflamed by oxy-rourtatic 
add gati but it b rapidly oxydated, and dissolved by 
it { ndecdf tlus acid is the only one that will dissolve 
gold. 

Xwify, This, I suppose, is what is commonly called 
9pm r^iiOf which you knowy is the only thing that \^ill' 
aelopon gold. 

iUhi. B. That is not exactly the case either; for aqua 
ngk k compoied of a mixture of muriatic and nitric 
■CM. Bat) in £ict, the result of this mixture is no- 
Ihhig more than oxy-muriutic acid, as the muriatic acid 
o xy ge na tes itself at the expense of the nitric ; this mix- 
IMey tlierefiMet though it bears the name of nitro mu" 
naftc oMj acta on gold merely in virtue of the oxy-. 
muriatic acid which it contains. 

• Sulphur, volatile oils, and many other substance s* 
iriH bum in the same manner in oxy-muriatic acid gas ; 
btit I have not prepared a suflBcient quantity of it, to 
shew yon the combustion of all these bodies. 

CaroHnc. Yet there are several jars of the gas re- 
Biuning* 

^ iM^a. B. We must reserve these for other experi- 
ments. The oxy-muiiatic acid does not, like other, 
adds, redden the blue vegetable colours ; but it totally 
destroys any colour, aikl turns all vegetables perfectly 
white. Let us collect some vegetable substances to 
put into this glass which is fqll of gas. 

£ndfy. Here is a sprig of mirtle*- 

Caroline. And here some coloured papers— 

Mr9, B, We shall also put in thib piece of coque- 
licot ribbon, and a rose— 

Emily. Their colours begin to fade immediately I 
But how does the gas produce this effect ? 

4^«^ B. The oxygen cpmbines with the colou| 



mattef of these substances, and destroys h ; that ts id 
sajr* destroys the property which these cdouni had of 
reflecting only one kind of rays, and renders them ca^ 
pable of reflecting them alU which, you kiiow» will 
malLC them appear white. Old prints may be cleaned 
by this acid, for the paper will be whitened without in- 
juring the impression, as printer's ink is made of mate** 
rials (oii and temp Uack]^ which arc not acted upon by 
acids. 

This property of the oxy-muriatic add has lately 
been employed in manufactories in a variety of bleachn 
ing processes ; but for these purposes the gas ntnst be' 
dissolved in water, as the acid is thus rendered much 
milder and less powerful in its eflccta : for, in a gase- 
ous state, it would destroy the texture, HJS well as tha 
colour, of the sul^tance submitted to its actign. 

Caroline. Look al the tbinga which we put into tl^^ 
gas ; they have now entirely lost their colour I 

Mr; B. The effect of the acid is almost completed 
—and, if we were to examine the quantity that re- 
mains, we should find k conust chiefly of miuriatic acid* 

The oxy-muriatic acid has been used to purify the 
air in fever hospitals and prisons, as it tmms and desi* 
troys putrid effluvia of every kind. The infection of 
the small pox is likewise destroyed by this gas, and mat- 
ter that has been submitted to its influence will no longeir 
generate that disorder. 

Caroline. Indeed, I think the remedy must be near- 
ly as bad as the disease ; the oxy-muriatic acid has sucq^ 
a dreadful sufibcating smell*. 

^rfr8. B. It is certaiply extremely offensive ; butf 
by keeping the mouth shut, and wetting the nostrils, 
with liquid ammonia, -in order to neutralize the vapour 
as it reaches the nose, its prejudicial efiects may be iu 
>me degree prevented. At any rate, however, this 
io;?e of disinfection can hardly be used in places that 
inhabited. And as the vapour of nitric acid, which 
b scurcely less efficacious for this purpose, is not at all 
^prejudicial, it is usually preferred on such occasions. 

Amongst the compound salts formed by muriatic 
^cidi the Tnunat of soda^ or common saljL) is the n>ost 




Tkm VMS uid propcriic* of tint t.^ii «rp 
ID raquirt much conirnrfii. Bc^Ult* 
livoar it impant lo ilia (tunU U •• vpr^ 
rken nol imccI to exccM, m U if rmil^r m- 
■ioff digMtion. 

M the great lourc^ frriin %vliii:li ili* iimiimi 
meted bf evHpomion. ISui ii u lf«iiriil nlm 
Main the bowcU tA itie ranh, in Im^ 
m mtny other part* of the worM. 

I thought that aalttt when wiliil wnr bIwii^^ 
of cryatete : biit the coninirifi imI4« mH U in 
off a ooarte white pciwdcr. 
J^rrnm A CrfatMlliaaJcui deficndt, aty^iuffiM^r rrf«i|. 
OB tke alow and regular rcunifm ol |Mri^ U n t\f 
HHed in a fluid ; coninion i«a «ilt i» onl^ m ■ Mair i«i 
iBperfisd cryatalUsatioo, bccauMs tiMc \itui §•%% tiy nrlm h 
k ia p r ep a wd la not favorable to tlic luiiiMiMin t4 rrifii- 
larcryatal-i. But» if you melt lU mini .liicrMriinh rvatMM 
nia the water ilowlyi you will obuin a iny^uUr i ijrMal- 

fiaatfton* 

Muriai ffwMmonia k another romliiiiaiii/ii u\ \\%\% w.yt\^ 
whkb we have already metitiijiwd u« tl»c piiiii.i|fu| 
lourco iipon which ammonu \\ derived. 

I can at once ahew you the kirnution ol i|ii« mIi liy 
the imiaediate arnifainalion ol uiuiiaik acifl «»ith urntiio* 
nia^— These two glaia jara CfJDUlil^ tlic cme rnu»MLWs 
add gaa, the other annnoniacal gat, buth ol wlii^Jt are 
perfectly inviaible^-*now, if I mix them together, you 
ice they immediately form an opaque white cloud like 
imoke. If a thermoneur were pbced in the jar ui 
wluch these gatsca are mixed, you would perceif e that 
Mune licat ia at the same time produced. 

jSao^. Tike effects of chemical combinations are 
bdecd, wonderfuW-how extraordinary it is that two in- 
viuble bodies ahcnild become visible by their tmion. 

Jlfi^a. B, This strikes you with wonder because it is 
a phenomenon which nature seldom exhibits to our 
view ; but the most common of her operations are as 
wonderful, and it is their frequency only that prevents 
oar regardmg them with equal admiration. \Vb< 



%oiildbeiiMiicnrpnniigfiirioitiiioei tihaD ooinbiisddii 
vcre k not rendered so familiar bf costoin ? 

JSmUy. That is tnie.— But |Mray, Mrs. B. is tfan 
whhe cloiid the sth that produces amtnoma ? How diff- 
erent it b from the solid muiiat of ammonia which you 
QDce shewed us i 

Mr«. B. It is the same subrtance which -first ap- 
pears in the state of vapoar, but will soon be condens- 
ed, by cooling against the aides €i the jar, in the form 
t>f Tery nunute crystals. 

We may now proceed to the oxt^muriaU. In this 
class of salts the oucy-vmraarqf /kotatA is the most wor- 
thy of our attention, for its stii^ng properUes- The 
acid, in this state of combination, contains a still greitt- 
er proportion of -oxygen than when alone. 

CaroSne. But how can the oxy-muriatic acid acquire 
an iiK:rease of oxygen by combining with potash ? 

Afr9, B. It does not really acquire an additional 
-quantity of oxygen, but it loses some of the muriatic 
acid, which produces the same effect, as the acid that 
remains is propoitioiiably super-oxygenated. 

If this salt be mixed, and merely rubbed together 
with sulphur, phosphorus, charcoal, or indeed any 
t>ther combustible, it explodes strcHigly. 

Caroline, Like giiopowder, I suppose, it is sudden^ 
ly converted into elastic fluids ? ' 

Mrs. B» Yes ; but with this remarkable difference, 
that no increase of temperature, any further than is 
produced by the gentle friction, is re quirt d in this in- 
stance. 'CafP. **ou tell me what gasses are generated 
by the delon.'iion of this salt with charcoal ? 

Kmily. I^et nie condder .The oxy muri- 
atic acid parts with its excess of oxygen to the char- 
coal, by which means it is converted into muriatic acid 
gas ; whilst the charcoal, being burnt by the oxygeoi 
is changed to carbonic acid gas — What becomes of the 
potash I cannot tell. 

Mrs, B. That is a fixed product that remains in 
the vessel. 

Caroline, But since the potash does not enter into 
tbi* np>v combinations, I do not understand of what U8€ 
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if if -in this operation. WrVj*i nv. 'ijK vi^ '»y-flf ,- 
acid and thecharcoail p-9L-j.« tSe «-2«e •rfr-r rM-i^rAr 
it? 

Mr«. B. No; bectn«« r^^-re ^^r*. nv >• vt ^-r 
great concemrauoD c^ '^tzr-. »1j" '-t '.'r- jvivfji 
vilh the potash ppwiv-;<*. l- J Licit v-r •*r;>u.j'»»' 

I mean to shew jr^ ihi- rr'-r' nut Tr, vi- : vv j'. fa-..- 
file you not to repc£» ii i t'rgt . vj* sj '. • •/• -r- ^,1 •-. 
1o mis only irerf %tni]\ '--ar * jt'. i- » 'j-^'it. •.•. v- -/^.-w 
• tioD will be es'it^Tc-T v^^'-.n*-. lar: yi.ii •>• j-. at'i-^.' 
viih dangeroos tfftc3 Vo- **^ ^ -- r ar •- -.v '•■ : • 
small qoantitj cf !h« ^i'^ * . r. i j •• >vv ..•• ».• • ^. • - v. 
io this Wedgirooi xnw;--i*. i^i- • . .» jit^ti ^-^ •- - . • » • » 
tiie pestle-— 

Caroline, He«.T«r.-ft . Hii» '-i' v • ^ i .-.■,' • . .-r 
be produced In «g r^i':, t '—.-.' » -'-' ;i;i ■ • 

I Mr«. B. Ym. aw '.'.^f- !'»• ■ ■■•'" i\ *■: m* ^ ' 

I quantity of aolxd t-vi-i-i't - t-* :'•-/'>•.- i ■••• v"«^: 
lolame of gt*»** : iti' ;• ■*, • .•'. «•• • -r v' 
Ibese which accjtiirrA -,* ^ •— i- 

£miiy Woc-^tk/I'/'^j-**:. -,» -r-/yii,« •-,..« ■ ••r.y. 
tr );unpo«der tr-sr. rl—i- ■'-' :rj \ • • 
Mr9. B. Yts : V,-: •-.». ••*•;«•■. ,-.• ,.•■ r« -v: •♦ 

me of this sah- i* i.'«^i..».: v. ■ ;<, -• r- ' • > • 

it is ne^er ettrii-: f. v.i- :i r.^, 

Carcline. T.^t :*,•."•, m »j» •. •• ' • .• / , 

fijT the comz^K g^zpr.-v iit*: ;k * - .• •■■.•'*'• -«. ■: ^ v - ■ •- 
tire. 

with this sah ; -jc; :.: r: .i- ijft," a '«•. '/.•/• /^ '••■ 
you tfcili liCTer 2-rrr-^r -.-:, :•>»*. .. -^ ;.v.*v .♦* f 
throw a small jat-^t -/ ^-r R^ivr .i .*..-, • /t ^ *yi '/ «*.' 
ter; then a fietk '-^7--.. .'.*. '- y/n^- , v.-/. ^v*:^; I 
poor in, by TOtxn r.? -r;* ''.rr-t^ v* v» •// '^j^-^j tu 
cootact whh tiac -i", '/vrr r ;;?•.-:>?:* t /•. "^^ *//*f^t. 'A 
the glas9. a siBiaB 'rnzrr^j */ \\ ^ >.•;•>. *.' i<c.— 

the pbospboracs tsfct*. £:e iz^^ v-f m ifj^u w-, ♦// '//lu /,f 
the water. 
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out under walcr, ond rising through it ! Pray, how is 
this orcoumcd for? 

Mrs. /i. Cannot you find it out, Caroline ? 

Kmily. Slop— I think 1 can explain it. Is itnt 
bccuusc the 8\i1phnnc acid decomposes the salt bjcsoni- 
bining with tho pota&h, so as to liberate the oxy-nnxi- 
utic acid gas by which the phosphorus is set on &« ? 

Mrs. B. Very \\f\\y Emily ; and with a little man 
reflection you would have discovered another coBcar- 
ling circumstance, which is, that an increase ^ vem* 
pcraturc is pnxUiccd by the mixture of the soiplniric 
acid and water, which assists in promoting the combus- 
tion of the phosphorus. 

Wc have now examined such of the acids and salts as 
I conceived would appear to you most interesting.— 
I sl^nll not enter into any particulars respecting the 
mctuUic ucidis, as they offer nothing sufTicifently strili- 
ing for our present purpose^ 



ConftcriBfation xvn. 



On the nature and composition of vegetables. 



Mrs. B, 

__ We have hitherto treated only of the simplest com- 

'^IviDQtions of elements, such as oxyds, acids, compound 

|Uts, stones, Sec. all of which belong to the mineral 

ingdom. It is time now to turn our attention to a more 

y implicated class of compounds, that of Organized 
Bodies, which will furnish us with a new source of in- 
struction and amusement. 
J^^niiiy, By organized bodies^ I suppose you mean 



^ 
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itt vegetable and animal creation ? I have, however, 
bat a very vague iciea of the word organization^ and 1 
have often wkhed to know more precisely what it 
BwaoB. 

Mr9» B, Organized bodies are 'such as are endow- 
ed by nature with various parts, peculiarly conssiuctcd 
nd adapted to perlbrm certain functkxis connected 
with life. Thus you may observe, that mineral com- 
poilBda aie ibmed by the uinple eflTect of mechanical 
or eheaaical attractioD» and may appear to some to be, 
in % great measure* the productions of chance ; whil»t 
erganiaed bodies bear the most striking marks of de- 
HKQf and «re eminently distinguished by thai unknown 
ymciplo called Uftj from which the various organs dc- 
are the power of exercising their respective functions. 

CaroSne, But in what munner does life enable theie 
organs to perform their several functions ? 

Mra. B, That is a mystery whichi I fear, is envel- 
oped in too profound darkres3 f<)r us to Ir'pe th&t wt 
shall ever be able to iHifold it. We must conter.t cur- 
leltes with emmining the effects of this principle ; as 
fcr the cause, we have been al!e only to give it a name, 
without attaching any other me&ning to it lhari the vugue 
atd uhsatisfiictQiy idea of an ur*koewn ager.:. 

CaroUme, And yet I think I can form a very cicar 
klaaof life. 

iljfr*. B, Pray let us hear l-.o'.7 you wo'.lrl ccfinc it. 

Caroihte. It is perhaps mere easy to corceive than 
to express— let roe consider — Is net life the power *.\hi»:h 
enables both the animal and vegetable creation to per- 
ibrm the various functions which nature has bts'y^\.t'\ to 
them ? 

Mny B, I have noLhin^ to object to your rlcTiiiUion ; 
but you will albw me to ol>ser\-e, that you have only met .• 
tioned the effects which the unknown cause profluccr., 
without giving us any notion of the cause itself 

Emity, Yes, Caroline, you have tokl us what life 
dbrt, but you have not told us what it i», 

Mra, B, We may study i-.s operations, but we HhotiM 
puzzle ourselves to no purpose by attempting to foifu 
Ui.idca.of its real nature. 
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We shall begin with examining its effects in the veg^ 
etabie world, which constitutes the simplest class e£ 
organized bodies; these we shall find distinguished 
IVum the nuneral creation, not only by their more comn 
plicated nature, but by the power which they possess 
within themselves, of forming new chemical arrange- 
ments of their constituent parts, by means of appr&i 
priate organs. Thus, though all vegetables are uiti* 
xnately composed of hydrogen, carbono, and ozygcnt 
(with a few other occasional ingredients), they separate 
and combine these principles by their various organs 
in a thousand ways, and form with them, different kinds 
of juices and solid parts, which exist ready made ia. 
vegetables, and may, therefore, be considered as theii( 
immediate materials. 
These are : 

Safi Rnina^ 

Mudlage Gum Resina^ 

Sugar, I'aUamsj 

Feculay ^Caoutchoucf 

Gluteriy Mxtraictive colouring matier^ 

Fixed OiU Tannin^ 

Volatile Oily Woody Fibre, 

CamphoTy Vegetable Adflfy ^c, 

Caroline. What a long list of names ! I did not supr. 
pose that a vegetable was composed of halt bO macj^ 
ingredients. 

Mra, B. You must not imagine llist every one of. 
these materials is formed in each individual plant. ( 
only mean to say, that they arc; all deiived exclusively 
from the vegetable kingdom. 

Mmily, But docs each parlicular part of the planl« 
such as the lOot, the bark, the stem, the seeds, the 
leaves, consist of one of these ingredients only, or of 
several of them combined together ? 

ATrs, B, I believe there is no part of a plant which 
can be said to consist solely of any one particular in- 
gredient ; a certain number of vegetable material^ 
xnust always be combined for the formation of any par- 
ti (of a seed, for instance), and these corn- 
car ricd on by SQts of vessels, or miput^ 
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organs, which select from o'Lcr : '•«, •• ! '." • 
gether, the scTcralpriiiripIc^ re. ...^ . . . c -.t * 
mcnt and growth of iho^c ;>..:"*: •-'- j,.-*s • .. 
arc intended to form am? !o ri«u::.:u:'\ 

Emiiy. And arc na t!.c»c C',n.-1: -•'..? • .>:7 
ulated by the hws of chcn.lc;i! iVi-zi r ' 

JIfrt. li. No dcu'j! ; '.he cr i- •. :' ''.' i 
force principles to combsr.c :h--: ". t« :*, .••• 
each other; nor can they coTn;ci s 7«-. • -••- 
to yield to those of infciior ;.'>.•••.: ; •.:..;-. - • . . 
rather mechanically, by bringir.- ir -'.- . • • . 
dpleSf and in such proporiior.s. -••»".. .y • < • 
combination, form ihe vsrioiis vt.-d.!- ■-. 

Caroline. We may thcr. crr.t: .'.: c-i. • * . 
gans as a curiously cors/.r^.c'.c''. l: ;-:.• .• .... 
the performance cf a v::ir.y cf 
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Mr*. B Kxactiv s.?. A'* ; ..^ -i 
thrives, the carboiie. l;y':ro;:er;. c* : '.••.-. 
consliiuerils of iti imrT.cf're rr.i'er.il-. . 
ed and connected tc:jc*.!:cr. •* •. ! :-. : - 
cf entci ing into oih^r ccnr.'/. : .i • . . : ; . . 
death take plucc, :hari tl.i^ y^'t -: r 
stroyed, and new coanM'-. -:*.'.'.- yr . 

Emily. But whv *:.o ! : ••.i .. - - • 
principles must remi:-. '. . :-.e -.<-: : -^ 
consequently, I sl;c •.::•! - ;..■.••:. - ' - 
attractions ? 

Me, as well as in the ar:*.::...! \^.'.:'::.. . 
ciple of ij/tf that ir.c cri;- -. i.--. •:- ^ , 

deprived of that pgcrr. '.. =*:rr. • - 

and an order of attr^ictic:.-: •-:'•:':' t 
which would take place in rr.'.;.t:.l «:: 
ter. 

Endly. It is thi^ nc'** crttcr 
pose, that destroys ihe cr:;2:.'.:'..-l- 
death ; for if the sarr.t c'-n.S.:. 

pre?ail, the plant wc-!.". fel;.u^-. .-tr- , 

nrhich it died. 

Mr%, B. And iLit yc^i kr.-, •. ., r.t . 
plants maybe parei:ii'/ p -':•/:. - -: ;.^. ... 
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death, by drying ; l.ui in ihe r.aiural coarse of events thef 
all return lo :he state of simple elements ; a wise and 
admirable dispecsation cf Providence} by which dead 
plants are rendered fit to enrich the soili and become 
subservient to the nourishment of living vegetables. 

CareUne. But we are talking of the dissolution of 
plants, before we have examined them in their living 
state. 

Mrt. B. That b true, my dear. But I wished to 
give you a general idea of the nature of vegetation, be- 
fore we entered into particulars. Besides* it is not so 
irrevelant as you suppose to talk of vegetables in their 
dead state, since we cannot analyse them whhout de- 
stroying life ; and it is only by hastening to submit 
them to examination, immediately after ihey have ceas? 
ed to live, that we can anticipate their natural decompo- 
sition. There arc two kinds cf analysis cf which veg- 
etables are susceptible ; first, that which separates 
them into their immediate materials, such as sap, resin, 
mucilage, kc. Sdly, that which decomposes them in- 
to tlieir primitive elements, as carbcne, hydrogen, and: 
oxygen. ■ 

Etruly, Is there not a third kind of analysis of p!ants> 
which consists in separating their various parts, as the 
stem, the leaves, and the several organs of the flower ? 

Mrs. B, That, my dear, is rather the department 
of the botanist : we shall consider these different parts 
of plants, only as the organs by which the various se- 
cretions or separations arc performed : but we must 
first examine the nature of these secretions. 

The tap may be considered as the principal materiuf 
of \egetables, since it contains the ingredients that 
nourish every part of the plimt. The basis of this 
I juice, which the roots suck up from the soil is water i 
I this holds in solution the various other ingredients re- 
quired by the several parts of the plant, which are grad- 
ually secreted fiom the sap by the different organs ap- 
propriated to that purp'offc, as it passes through them in 
circ\ilating through the plant. 

Mucw **»• *nucila§e is a vegetable substance, which 
like 'rd, is secreted from the sap ; when in 

e* from u^t^ \x\ \\i^ Sa\YCi q^ ^Mm* 
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CanHme. bthftt Ihe gum so frequently used inMcaJ 
•f pane or glue ? 

Mr«i D. It it ; ilmott tail fiuit-trees yield some loit 
■f gutUy but that most commonly used in the arts is ob« 
tuned from a species of acacia- tree in Arubia> and is 
called gum AraUc : it forms the chief nouri:»hment of the 
nativea of those parts, who obtain it in $>;rcat quantities 
from inciaiooa which they make in the trees. 

Caroline. I did not know that gum was eatable. 

Afint. D. I should not imaguie that it would be cith- 
er a pleasant or a particularly eligible diet to those who 
have not, from their birth, been accustomed to it. It 
ifti however, frequently taken medicinally, and consid- 
ered as very nourishing. Sevcrul kinds of vegetable 
acids may b^ obtained, by particular processes, fit>tu 
gum or mucilage, the principal of which is called the 
mucoua acid. 

. Sjgigar is not found in its simple state in plants, but is 
always mixed with gum, sap, or other ingredients ; it 
is to be found in every vegctal)Ic, but abounds most in 
EOotSy fiuits, and particularly the sugar-cane. 

Emiiym If all vegetables contain sugar, why is it ex- 
tracted exclusively from the sugar-cane ? 

Mrt. B. Because it is both most abundant in that 
plant, and most easily obtained from it. 

During the late troubles in the W^est-Indtcs, wlien 
Europe was but imperfectly supplied \iiih sugar, seve- 
ral attempts were made to extract it from oihcr vege- 
tables, and very good sugar was obtained from parsnips 
and fiom carrots : but the process was too expensive to 
Cdrry on this enter prize to any -extent. 

Caroline. I should think that sugar might be more 
easily extracted, from sweet fruits, such as figs, dates 
8lc. 

Aire. B. Probably ; but it would be still more ex- 
pensive from the high price of those fruits. 

Endly. Pray in what manner is sugar obtained from 
the sugar-cane ? 

Mra. B. The juice of this plant is first expressed 
by pasung it between two cylinders of iron. It is then 
boiled with lime water, which makes a thick scum rise 
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to the.sur&cc. The clarified liquor is let off brienr 
and evaporated to a very small quantitT} after wUch k 
is sufifeced to crystallize by stan^ng in a vessel, the bot- 
tom of which is perforated with holes, that are imper- - 
fectly stopped, in order that the syrup may drun off. 
The sngar obtuned by this process is a coarse brown 
powder^ commonly called raw or moist sugar ; it under- 
goes another operation to be refined and converted into 
loaf sugar. For this purpose it is dissolved in water, 
and afterwards purified by an animal fluid, called albu- 
men. White of eggs chiefly consist of this fltud, which 
is also one of the constituent parts of blood ; and conse- 
quently eggs, or bullock's blood, are commonly uaed for ' 
this purpose. . 

The albuminous fluid being diffused' through the 
syrup, combines with all the solid impnrides contuned 
in it, and rises with them to the surface, where it forms 
a thick scum ; the clear liquor is then again evaporated 
to a proper consbtence, and poured mto moulds, in • 
which, by a confused crystallization, it forms loaf su- 
gar. But an additional process is required to whiten' 
it ; to this effect the mould is inverted, and its open base 
is covered with clay, through which water is made to 
pass ; the water slowly trickling through the sugar, com- 
bines with, and carries off the colouring matter. 

Caroline, I am very glad to hear that the blood that 
is used to purify sugar does not remain in it, it would be 
a disgusting idea. 

Emily. And pray how is sugar- candy and barley, su-- 
gar prepared \ 

Mr^. B. Candied sugar is nothing more than the 
regular chrystals, obtained by slow evaporation from a - 
solution of sugar. Barley sugar is sugar melted by 
heat, and afterwards cooled in moulds of a spiral form. 

Sugar may be decomposed by a red heat ; and, like 
II other vegetable substances, resdved into carbonic- 
:id and hydrogen. The formation and the decomposi- 
ion of sugar afford many very interesting particulars, 
rhich we shall fully examine after having gone through' 
the 01 her materials of vegetables.— We shall find there 
is reason to suppose that sugar is not, like the other 
materials, secreted from \]i[it s^^\>7 «^^xQr^\Ya\fcw^a3&''> 
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It k b formed by a |)ecultar prMx*4i» wiih mIii. i. 

e not yet acquainted. 

tSme^ Pray is not honey of tin: Mine nuiiiif ui 

I 

u 3, Honey is a mixture <>1 bU'^m- uml ]•«. u. 

tiy, I thought that hfiiicy wsi* in «i/iiii: inL-it^uii* 

mal lubatancOf as it is pre|Mi<:(i by tin: Ucs r 

I. B. It is rather coltccte'l l>y ilieni liom H'iw- 

id conveyed to their storeh^juM;*, thr liivi:t..^|i u 

IX only that undergoes a real talicruikin in ilir l«f#- 

hebeo) aqd is thence couvcncii iui'i uu utjiuiui «(ii|. 

e. 

ify. Cannot sugar be o^AitintA fr^/in ii'iftcjr, »iii'4 

Q simple a compound f 

e. B* No mode has yet Ijecii fiiftf^/vn r<l it/ rffi i « 

it is supposed^ however, to lijiv« litrcn i\t,iif. \,y ih* 

Uty who were unaci|*iainU;d wiili tlw fcut^aiiuiM}, 

e process is now unkiiown. 

.nna is a compound of suf^ar, (^tim, siid u iikufcions 

:tive matteTf to which Uh\ it owe* it*) t>r<:uliur 

md colour. It exudvn like (furii iioiii vjiiout ticm 

. dimatesy some of which luvc their lesve« KUxed 

e next of the regeuble Fn'a'.eritels i» /ftuia / t)ii» i» 

eneral name given to tlie Uiiiixct4AA% buUianco 

ined in all seedsi and in surne i<yit«, a^ iLi; pot^ir;, 

ip, Sec. It is imtnded by nsbiuiu i^jr ihc fiibi aii- 

oi' the young vegetable ; IaiI that oi' oi<e [jaiiicuUr 

b become a fiivourite sokI a movt common £uod oi 

;e part of mankind. 

tf/y. You allude, I suppose, to Ijread, which Is 

i of wheat flour ? 

r», B, Ye«. The fecula of uLcat cor<tains also 

iCT vegetable subv^nce, which seems peculiar to 

&eed, or at least has not as yet been obtained from 

itber. TJiis b giuUn^ which b of a siicky, topy, 

c nature ; and it b supposed to be owiag to the vic« 

[{ualities of this substance, that wheat ftcair forms a 

I better paste than any other. 

mly. Gluten, by your description, must be ?erv 

gum. 
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Mrs. B. In their sticky nature they 'certi^ly ha?e 
some resemblance : but glutc^n is es$entialiy differem 
from gum in other potnts, and especially in its being in^ 
soluble in watery whilst gum. you know is extremely aa» 
luble. 

The oiU contained in vegetables all eoosi&t of hydros- 
gen and carbone in various proponioiksu They are c^ 
two kindSf^fc/ and volatiley both of which we fomMtrlf 
mentioned. Do you remember in what the difierenca 
between fixed and volatile cil consists ? 

Emily. If I recollect right, the fixrmeF are decoin* 
posed by heat, whilst the latter are merely vokdtiaed, 
by it. 

Mrs. B. Very well. Fixed oil ta contuned only iii; 
the seeds of plants, excepting in theelivey in which it is. 
produced, and expressed from the fruit. We have al* 
ready observed that seeds contain also fecula; these 
two substances, united with a little mucilage, form the 
white substance contained in the aeeds or kemela oT 
plaiits, and is destined for the nourishment of the young 
plant, to which the seed gives birth. The milk ot al? 
monds, which b expressed from the seed of that nAine». 
is composed of these three substances. 

Emtly^ Pray of what nature b the linseed oil whiciit 
is used in painting \ 

Mrs. B. It is a fixed qil obtained from the. seed of 
9ax. Nut oil, which is frequently used for the same 
purposes is expressed from walnuts. 

Olive oil ift that which b best adapted to culinary pur- 
jwses. 

Caroline. And what are the oils used for burning ? 

Mrs. B. Animal oils most commonly ; but the pre? 
fcrence given to them is owing to their being less ex- 
pensive ; for vegetable oils burn equally well, and are 
more pleasant, as their smell is not offensive. 

JSmily. Since oil is so good a combusdble, what is the 

m that lamps so frequently require trimming ^ 

^ra. B. * This sometimes proceeds from the con^ 

ction of the lamp, which may not be sufficiently fiiv«. 

ble to a perfect combustion ; but there is certainly 

defect in the nature of oil itself, which renders it ne* 
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3r for the best constructed lamps to be or.casion- 
itamed. Thu defect arises from a portion rf 
Igge which it is extremely difiiciilt to separate 
the oil| and which beini; a bad combnMiblc, f^u- 
round the ^ick, and thxis impedes its combustion, 
xxwequMftly dims the light. 
roSnir. But Will not oil burn without a wick ? 
hi. B. Not ehtess their temperature be elc^nted 
E)^ ; the wick answers this purpose, as I think I 
before explained to you. I'he oil rises between 
ibrea of the cotton by capillary attraction, and the 
of the burning wick volatilizes it, and brin$;s it 
;saively .to the temperature at which it is combus- 

vfy. I suppose the explanation which yon have 
I with regard to the necessity of trimmini[; lamps, 
58 also to candles which so often reciTtire snitfTinj; ? 
•"«. B, I believe it does : at least in snmr degree, 
beside the circumstance just cxplaipcd, the com- 
lort of oils arc not very combustible, so that the 
^foduced by a candle, which is a coarse kind of 
il oil, being insufficient to volatilize them com- 
y, a quantity of soot is gradually deposited on the 

which dims the light and retards :he combustion. 
roUne. Wax candles then contain no incombusti- 
latter, since they do not require snuffing ? 
"9. B. Wax is a much better combustible than 
r, but still not perfectly so, since it likewise con- 
some particles that are unfit for burning ; but 

these gather round the wick (which in a wax 
is comparatively small) they weigh it down on one 
and fall off together with the burnt part of the 

'oSne, As oils arc such good combustibles, I won- 
hat they should require so great an elevation of 
srature before they begin to bum. 
». B: Though fixed oils will not enter j^to actual 
nation below the temperature of about 400®, yet 
wXL slowlv absorb oxygen at the common tempe- 
s of the atmosphere. Hence arises a vatviety of 
fcs m oils which modify their properties and usci 
arts. 
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U <QvMr»'<iC nf» cjte (Am 'Ok 'Xtae ct^wmimI ]■» 

y^mt* ^imkksa.f^tt:sx^ vstrjsac ^aen'ti ncamAm 
fjf ijumm *Ji^ hjKitf,nffak ^Ji luoe ciL ttes iurnm i g 

Kpi th^ €jKe^ the i>«nuem of uuc cdl < amHHin» i« 
iIm; i>^'- ko <of » ccna« t(|atte£Ei: of «ci g^csi. b 
<&V8;«i»gUiU!; cf Ubt hydriftsi Tikcse cate j» 

</^fMik^^i)r fjfe tbem to pux^dib^. Bat I do d 
muatd why ^f»t stcfiuiiiiyM of cx.r||:cfi cc caae k 
\m>^ tA hydro^efi o» 'Jx octc^f UMoSd icnder t] 

Mr$, B<> TliU I conctifc., inzr arise £roiii 
«M4 ^ tituer from the ox) i^en n hicb is adocd b 
&vourHtMe to U*e Uate c^ Buidcf ihin the h 
which b «u(>%tracted ; or froin this additional qi 
oxt gen ^v'lng ri^e to new combiRaiiors. in coo: 
of which the most fluid parts of the oD are llbe 
voLitiiized. 

For the purpose of painting, the drying qua 
ift fatther increai»ed by adding a quantity of oxy 
to it) by which mearis it is more rapidly oxygei 

The ramidity of oils is likewise owing to t 
genation. In thi^ case a new order of attract 
plare^ from which a peculiar acid is formed, c 
nebacic acid, 

Caroline, Since the nature and compositioi 
so well known* pray could apt oil be actually 
combining its prmciples ? 

Mr$, B, That is by no means a necessai 
quence ; br there are ianumerable varieties 
[)0und Ixxfts which we can decompose* alth 
are unable to reunite their ingredients. This 
er« IS not the case with oil* as it has very la 
'crcd; that it is possible to form oil, by i 
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procety from tlie action of oxygenated muiiatic add 
^ on hjdro-carbonate. 

We now pass to the volatile or es9eniial mis. These 
ferm the basis of all the vegetable pei fumes, and are 
contained, more or less, in every part of the plant ex- 
cepting the seed ; they are, at least, never found in 
tbit part of the seed which contains the enibrio plant. 

£Mdiy, The smell of flowers then, proceeds from 
volatile oil ? 

Air*. B. Certainly ; but this oil is often most abun- 
dant in the rind of fruits, us in oranges, lemons, 8cc. 
4rom vhich it may be extntcted by the slightest pres- 
sure ; it is found also in the leaves of plants, and even 
in the wood. 

CdroUne. Is it not very plentiful in the leaves of 
Hunt, and of thyme, and all the sweet smelling herbs ? 

Mr». B. Yes, remhrkably so ; and in geranium 
leaYes also, which have a much more powerful odour 
than the flowers. 

The perfume of sandal fans is an instance of its ex- 
iilence in wood. In short, all vegetable odours, or per- 
Ihrnefly are produced by the evaporation of particles of 
these volatile oils. 

EmUy. They are, I suppose very light, and of very 
<tbin consbtence, since they are so volatile ? 

Mtm. B, They vary veiy much in this respect, some 
nf them being as thick as butter, whilst others are as 
fiuid ea water. In order to be prepared for perfumes, 
or essences, these oils are first properly purified, and 
then either distilled with alcohol, as is the case with lav- 
ender water, or simply mixed with a large proportion 
of water, as is often done with regard to peppermint. 
Frequently also, these odoriferous waters are prepared 
merely by soaking the plants in water, and distilling. 
The water then comes over impregnated with the vola- 
tile oil. 

CaroSne, Such waters are frequently used to take 
vpots of grease out of cloth, or silk ; how do they pro- 
duce that effect ? 

Mr9. B. By combining with the substance that 
forms these stains ; for volatile oils dlssoUx >n^il^ V^Wowi^ 

W 
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spermaceu. ar.d reslos ; if therefore the spot proceedi 
from anr of ihcse substances it will remove it. 

Irsccts of all kinds haTe a great aversioo to per- 
fumes ; so ihzi Tclatile oib are employed with succesi 
in museuots for the presentation of stuffed birds and 
ochc r species of animals. 

Carti&ie, Pray docs not the powerful smell of cam- 
plwr proceed from a volatile oil I 

Mn. B. CamfJ^r seems to be a substance of its 
own kindf remarkable by many peculiarities. But i 
TiOt exactly of the same nature as volatile oil, it is at 
least very analogous to it. It is obtained chiefly from 
the camphor tree, a species of laurel which grows in 
China* and the Indian isles* from the stem and roots of 
which it is extracted. Small quantities have also been 
distilled from thyme, sage, and other aromatic plants ; 
and it is deposited in pretty large quantities by some 
volatile oils after long standing. It is extremely vola- - 
tile and inflammable. It is insoluble in water, but is 
soluble in oils, in which state* as well as its solid 
form, it is frequently applied to medicinal purposes. 
Amongst the p^nicular properties of camphor, there 
is one too singular to be passed over in silence. If you 
take a small piece of camphor, and place it on the sur* 
face of a bascn of pure water, it will immediately begin 
to move .round and round with great rapidity ; but if yoii 
pour into the bascn a single drop of any odoriferous flu* 
id, it will instantly put a stop to this motion. You can 
at any time try this very simple experiment ; but you 
must not expect that I shall be able to account for this 
plicnomcnon, as nothing satisfactory has yet been ad- 
vanced for Jts explanation. 

Caroline. It is very singular indeed ; and I will cer- 
tainly try the experiment. Pray what are reaina^ which 
you just now mentioned ? 

Mrs, B, They are volatile oils, that have been act- 
ed on, and peculiarly modified, by oxygen. 

CarolOie, They are, therefore, oxygenated volatile 
oils i 

Mrs, /?. Not exactly ; for the process docs not ap- 
pf. \r to consist so much in the oxygenation' of the oilt 
as hi tJiC combustlgn o£ ^ i^otviotv c\ \Vk V^^\^"^<«v^ W 
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« small portion of its carbonc. For when resins are 
mrtificialljT made by the combination of volatile oil9 with 
oxyi^n^ the vessel in which the process is pcrl'cirnu'd 
n bedewed with water, and the air included within it 
loaded with carbonic acid. 

Mrmly. This process must be, in some respects sim- 
3ar to that for preparing drying oils. 

Mtm. B, Tes ; and it is by this operation that both 
of them acquire a greater degree of consistence. Pitchi 
tar» and turpentine, are the most common resins ; they 
•xude from the pine and fir trees. Copul, mastic, and 
frankincense) are also of this class of vegetable sub- 
itancea. 

Endiy. Is it of these resins that the mastic and co- 
pal TanrisheS) so much used in fainting, are made ? 

Atr9. B. Yes. Dissolved either in oil or in alcohol, 
resins forms varnishes. From these solutions they may 
be precipitated by water, in which they are insoluble. 
This I can easily shew you. If you viill pour some 
water into this glass of mastic varnish, it will combine 
with the alcohol in which the resin is dissolved, and 
tiie latter will be precipitated in the form of a white 
dood^^ 

EmUy, It is so. And yet how is it that pictures or 
drawings^ varnished with this solution, may safely be 
Washed with water ? 

Mr9, B; i^s the Varnish dries, the alcohol evapa- 
rates, and the dry varnish or resin which remains, not 
being soluble in water, will not be acted on by it. 

There is a class of compound resins called gum r«- 
rnns^ which are precisely what their name denotes, that 
id to say, resins combined with mucilage. Myrrh and 
assafoetida are of this description. 

CaroUne, Is it possible that a substance of so disa- 
greeable a smell as assafociida can be formed from a 
volatile oil ? 

Mra, B, The odour of volatile oils is by no means 
always grateful. Onions and garlic deiive their smell 
from volatile ^oils, as well as roses and lavender. 

There is still another form under which volatile 
present themselves; which is that o{ baUatas*— -'X 
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conMsts of resinous juices combined with a peculiar ac 
called the benzoic acid. Balsams appear to have bec*^ 
originally volatile oils, the oxygenation of which h^^ 
converted one part into a resin and the other part int^' 
an acid, which, combined together, form^a balsam S 
such are the balsams of Peru, Tolu, Sec. 

We shall now take leave of the oils and their yariou ^^ 
modifications, and proceed to the next vegetable •ul>'''^ 
stance, which is caoutchouc. This is a white milky ^^ 
glutinous fluid, which acquires consfoteucei and tdack^^ 
ens in drying, in which state it forms the substanc^^ 
with which you are so well acqtiainted, under the iiam^9 
of gum elastic. 

Caroline, I am surprised to hear that gum*elaBtic^^ 
was ever white, or ever fluid ! Andirom what vegetables-, 
is it procured ? 

Afra, B, It is obtained from two or three dilferen'^- 
species of trees in the East Indies, and South AmenL-— ?> 
ca, by making incisions in the stem. The juice is coE ^ 
lected as it trickles from these incisions, and moulds ^ t. 
clay, in the form of little bottles of gum-elasGc, ares 
dipped into it. A layer of this juice adheres to th^B 
clay and dries on it ; and several layers are successive - 
ly added by repeating thi3 till the bottle is of sufficierm t- 
thickness. It is then beaten to break down the cla) 
which is easily shaken out. — The natives of the coui 
tries where this substance is produced, sometimi 
make shoes and boots of it by a similar process* am 
they are said to be extremely pleasant and serviceabl^^f 
both from their elasticity, and from their being wateic"^ 
proof. 

The substance that comes next in our enumeratic^^* 
of the immediate ingredients of vegetables, is ejciraa" 
five matter. This is a term, which, in a general sens^y 
may be applied to any substance extracted from vege- 
tables ; but it is more particularly ujulerstood to relate 
to the extractive colouring matter ol plants. A great 
variety of colours are prepared from the vegetable 
kingdom, both for the purposes of painting and of dy- 
ing ; all the colours called lakes are of this descrip- 
tion : but they are less durable than mineral colpurs^ 
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fft, bf loog exposure to the atmofplierC} they eitlicr 
dutoo or tarn yellow. 

MmUjf, I know that in painUnp; the lakes are reck- 
flBtd fiir leu durable cokmrt than the ochres ; but what 
bthereaaooof it? 

Afrv. B. The change which takes place in vegeta- 
Ua ookmrt u oiring chiefly to the oxygen of the at- 
■nphere slowly burning their hydrogen^ and leaving 
bsone measare the blackness of the carbone expos- 
ad. Such a change cannot take place in ochre which 
k altogether a mineral substance. 

Vegetable colours have a stronger affinity Tor animal 
than wr TOgetable substances) and this is supposed to 
bs owing to a small quantity of nitrogen which they 
contain. Thus, ulk and worsted will take a much finer 
vegetable die than linen and cotton. 
Careflbie. Dyeings then^ is quite a chemical pro- 

ccssf 

Mr9i B. Undoubtedly. The condition required to 
iMn a good die is, that the colouring matter should 
bs pfec^ltated, or fixed, on the substance to be dyed, 
and should form a compound not soluble in the liquids 
to which it will probably be exposed. Thus, for in- 
ttancof printed or dyed linens or cottons must be able 
te renal the action of soap and water, to which they must 
necessarily be subject in washing ; and woolens and 
alks should withstand the action of grease and acids, to 
which they may be accidentally exposed. 

CaroHnei But if linen and cottcn have not a sufficient 
aflSnity for colouring matter, how are they made to re- 
sist the action of washmg, which they always do when 
tfaef are well printed ? 

Mm B^ When the substance to be dyed has either 
»f affinity fi>r the colouring matter, or not sufficient 
power to retain it, the combination is effected, or 
itrengthened, by the intervention of a third substance, 
called a rMrdant^ or basis. The mordant must have a 
strong affinity both for the colouring matter and the 
subsUince to be dyed, by which means it causes then* 
to comlmie and adhere together. 

egroSne. And whfit are the substances V\i»X mx^x 
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the office of thus reconciling the two adverse parties^. 

Mra, B, The most common mordant is aulphat oi- 
alumine^ or alum. Oxyds of tin and iron, in the stat^ 
of compound salts, are likewise used for that purpose' 

Tannin is another Tegetable ingredient of great im. ' — 
portance in the arts. It is obtained chiefly from th 
bark of trees ; but it is found also in nutgalla and i 
some other visgetables. 

Emily. Is that the substance commonly called 
which is used in hot- houses ? 

Mrs, B. Tan is the prepared bark in which the pe 
culiar substance^ tannin, is contained. But tiie use o 
tan in hot- houses is of much less importance than in 
operation of tannings by which skin is converted Int 
leather. 

Emily, Pray, how is this operation performed ? 

Mr$, B, Various methods are employed for t; 
purpose, which all consist in exposing skin to the 
of the tannin, or of substances containing thn prtnci 
pie, in sufficient quantities and disposed to yield it to t 
skin. The most usual way is to infuse coarsely pow 
dered oak bark in water, and to keep the skin imine 
sed in this infusion for a certain length of time. Dur 
ing this process, which is slow, and gradual, the skin i 
found to have increased in weight, and to have acqui 
a considerable tenacity and impermeability to water. 
This effect may be much accelerated by using st 
saturations of the tanning principle (which can be ex 
tracted from bark), instead of employing the bark it 
8sl£ But this quick mode of preparation does not a 
pear to make equally good leather. 

Tannin is contained in a great variety of astrin 
vegetable substances, as galls, the rose-tree, and wine 
but it is no where so plentiful as in bark. All theses- 
substances yield it to water, from which it may be 
cipitated by a solution of isinglass, or glue, with which 
it strongly unites and forms an insoluble compound. 
Hence its valuable property of combining with skin- 
(which consists chiefly of glue), and of enabling it to re. 
' e action of water. 

/. Might vre not ^ee tl\^t eEcct by pouring 
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Ittle melted isinglass into a glass of wine^ which you way 
contains tannin ? 

A^a, B, Yes. I have prepared a solution of isin* 
glass for that very purpose. Do you observe the thick 
muddy precipitate ?— That is the tannin combined with 
the isinglass. 

Caroline. This precipitate must then be of the same 
nature as leather ? 

Mr9. B, It is composed of the same ingredients ; 
but the organization and the texture of the skin being 
wanting, it has neither the consistence nor the tenacity 
of leather. 

Caro&nc One might suppose that men who drink 
large quantities of red wine, stand a chance of having 
the coats of their stomachs converted into leather, since 
tannin has so strong an affinity for skin. 

Mrs. B. It is not impossible but that the coats of 
their stomachs may.boi in some measure, tanned) or 
hardened by the constant use of this liquor ;- but you 
must remember that where a number of other chemi- 
cal agents are concerned, and, above all, where life ex- 
ists, no certain chemical inference can be drawn. 

I must not disnuss this subject,- without mentioning 
a very recent discovery of Mr. Hatchett, which relutes 
to it. This gentleman -found that a substance very sim- 
ilar to tannin, possessing all its leading. properties, and 
actually capable of tanning leather, may be produced 
by exposing carbone, or any substance containing car- 
bonaceous matter, whether vegetable, animal, or min<^ 
eral, to the action of nitric acid. 

Caroline. And is not this discovery very likely to be.: 
of great use to manufactures ? 

Mr: B» That is very doubtful ;- because tannin, 
thus artificially prepared, must probably always be moie 
expensive tluui that which is obtained from bark. But 
tbe &ct is extremely curious, as it affords one of those 
'v^Y rare instances of chemistry, being able to imitate 
the proximate principles of organized bodies. 

The last of the vegetable materials is woody fibre ; 
it b the hardest part of plants. The chief source from 
wfiich this substance is derived is wood, but it is also 
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coDtained, more or kss, in CYeiy solid part of the pfanc 
It forms a kind of skeletoD of the part to wluch it b^oDgft- 
and retains its shape after all the other materials haie 
disappeared. It consists chiefly of carboae onited irith 
a small proportion of salts and the other conBlitoenta 
common to all vegetables. 

Emily. Itisof a ffoody fore, Acn, Aat the ccmm oD^ 
charcoal is made I 

Mr«. B. Yes. Charcoal, as yon may rccoPec^ is- 
obtained from wood, by the separation of all its en^o- 
lable parts. 

Before ve take leave oF the vegetable inatei]ala» it' 
will be proper, at least, to enumerate the several vege* 
table acids which we ^her have had, or may have occn^ 
sion to mention. I believe I have formcily told yon 
that their basis, or radical, was uniformly oon^oaed of 
hydrogen and carbone, and that their ^fference consiat*' 
ed only in the, various propordmaof oacygen which thef^ 
contained. 

The following is the names of the vegetable adds s* 
Thei(iiMtnM./i(CM^obtainedfrom gum, or mudlage ^ 
Suberic . . from cork ; 

from camphor; 
from balsams ; 
from galls, bark. Sec. 
from ripe fruits ; 
from lemon juice i. 
from sorrel ;• 
from amber ;- 
from tartrit of potash ; 
from vinegar. 
They are all decomposable by heat, soluble in water,* 
and turn vegetable blue colours red. The ntecmic^ the 
tartarousf and the acetous acicUj are the products of the 
decomposition of vegetables ; we shall, therefore, re* 
M t their examination for a future period. 
' ( he oxaUc acH ^stilled from sorrel, is the highest 

r of vegetable acidification ; for, if more oxygen be 

1 to it, it loses its vegetable nature, and is resolved 
carbonic acid and water ; therefore, though all the 
''* acid& may be convened Vdxo >i!ti^ ossi^i^Xy} ^iv«l» 



Camfihoric, 
Benzoic • 
GaUic 
Malic 
Citric 
Oxalic 
Succinic . 
TartarouM • 
Acetic 
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iKtion of oxygen, the oxalic itself Is not susceptible of at 
brther dej^ree of oxygenation ; nor can it be made, by 
way chemical process, to return to a state of lorer acid- 
ificatioD* 

To conclude llus subject, I have only to add a few 
wordi on the galUc moid .... 

Carp&ne. Is not this the same acid before mentioned^ 
which forms inkf by precipitating sulphat of iron from 
its solution I 

Mrii B» Tea. Though it is usually extracted from, 
pllii on account of its bemg most abundant in that to* 
gelaMe aubslance, it may abo be obtained from a great 
variety of pSants. It consdtutes what is called the m- 
trh^ftfU faineipie of vegetables ; it is generally combi* 
Qed inthi tannin, and you will find that an infusion of 
teii oolbe», barky red wine, or any vegetable substance 
that oontidns Ihei astringent principle, will make a black. 
IMcipitate with a solution of sulphat of iron*. 
droSnc. But pray what are galls ? 
Mr9, B. They are excrescences which grow on the 
bark of young oaks, and are occasioned by an insect 
^hicb wounds the bark of trees, and lays its egg in the 
Aperture. The lacerated vessels of the tree tl^n dia« 
^bargo their contents, and form an excrescence, which, 
affords a defensive covering for these eggs. The insect, 
"Vrhen come to Hfe, first feeds on this excrescence, 
^ndsome ti.ne afterwards eats its way out, as it ap* 
t^ars from a hole found in all gall-nuts that no longer 
f^ontain an insect. It is in hot climates only that strong- 
ly astringent gall nuts are found ; those which are used^ 
for the purpose of making ink are brought from Alep*. 
po. 

' £rmty. But are not the oak-apples which grow on , 
the leaves of the oak in this country, of a similar na- 
ture I 

Mt9. B: Yes ; only they are an inferior species of.* 
galls, containing less of the astringent principle, and 
therefore less applicable to useful purposes. 

Caro&ne. Are the vegetable acids never found but 
ip their pure uncombined state ? 

Atr^j,^ B. By no means; on the contrary^ the^ < 



?50 

frequeittlf met with hi the state of compound salts r 
these, howerer, are in general not fully saturated with* 
the salifiable bases, so that the acid predonunates, and- 
ID this state they are called addulotu taUt. Of thb kind 
is the salt called cream of tartar. 

Caroline. Is not the salt of lemon commonly used to^ 
take out ink spots and stains, of thn nature I 

Mrt. B. No ; that salt consists merely of the citric 
acid reduced to the state of crystals. 

Can&nc. And pray how does it take out ink spots ! 

Air*. B, By decomposing the black precipitate, and-. 
rendering it soluble in water. But the display of at- 
tractions by which this is perfiirmed 1% I belim} not 
exactly ascertained* 

Beudes the vegetable materials which we have enu* 
merated, a variety of other substances, common to the 
three kingdoms, are found in vegetables,* such as pot- 
ash, which* was formerly supposed to belong exdmive^ 
ly to plants, and was in consequence called the vegeta- 
ble alkalL. 

Sulphur, phosphorus^ earths, and a- variety of me^ 
tallic oxyds, are also found in vegetables, but only in. 
small quantities. And we meet sometimes with neu- 
tral salts formed by the combination of these ingredi»- 
ents« 




ContjetiBfation xvni;^ 

On the decomjiosition of Vegetable:^ 



Caroline, 



THE account which you have given us, Mrs. B. of 
Juj m^tr " Tcg&labks, Is doubtless^ very insli'uct- 
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ive ; but it doet not completely satisfy my curiosity.** 
I wish to know how plants obuin the principals from 
«hich their tvious materials are formed; by what 
means these are conTerted into •'Cgctublr matter, and 
■how they are connected with the life of the plant ? 

J|^«. Bm This implies nothing less than a complete 
history of the chemistry and physiology of vegetaiion, 
•vubjects on which we have yet but very imperfect no- 
tions. Sdll I hope that I shall be able, in some mea- 
sure, to satisfy your curiosity. But in order to render 
the subject more intelligible, I must first maie you ac- 
quainted whh the various changes which vegetables un- 
der^ when the vital power no longer enables them to 
jresist the common laws of chemical attraction. 

The composition of vegetables being more compIi<- 
dcated than that of minerals, the former more re^idily 
undergo chemical changes than the latter : for the^ 
^;reater the variety of attractions, the moic easily is the" 
eqmlibrium destroyed, and a new oidcr of combinations 
iotrodnced. 

Mrmly. I am surprised that vegetables should be so 
eauly susceptible of decomposition ; for the preserva- 
tion of the vegetable kingdom is certainly fur more im- 
^rtant than that of minerals. 

i»fr#. /*. You must consider, on the other hand, 
how much more easily the former is renewed than the 
latter. The decomposition of the vegetable takes place 
only after- the death of the plant, which, in the common 
course of nature, happens when it has yiekled fniit and 
seeds to propagate its species. If instead of thus finish- 
ing its career, each plant was to retain its form and veg- 
etable state, it would become an useless burden to the 
earth and its inhabitants. — When vegetables, there- 
fore, cease to be productive* they cease to live, and 
Nature then begins her process of decomposition, in or- 
4ler to dissolve them into their chemical constituents, 
hydrogen, carbone, and oxygen ; those simple and 
•primitive ingredients which she keeps in store for all 
her combinations. 

Mmily, But since no system of combinAtion can b 
destroyed) except by the establishment of another ( 



'tier of attractiong| how can the decomposition of veg^ 
ables reduce them to their simple elements i 

Mra, B, it is a very long process, during wluch 
a variety of new combinations are successively -esta^ 
blished and succesuvely destroyed ; but, in each of 
these changes, the ingredients of vegetable matter tend 
to unite in a more simple order of compounds, till they 
are at length brought to their elementary state, or at 
least, to their most simple order t>f combinations. Thvs 
you will find that vegetables are in the end almost en- 
tirely reduced to water and carbonic acid ; the hydro- 
gen and carbone dividing the oxygcih between them, 
so as to form with it these two substances. But the 
variety of intermediate combinatiuns that take place du- 
ring the several stages of the decomposition of vegeta^ 
bles, present us with a new set of compounds, well wor- 
thy of our examination. 

Caroline, How is it possible that vegetables, while 
putrefying, should produce any thing worthy of observa- 
tion ? 

Mra, B. They are susceptible of undergoing cer- 
tain changes before they arrive at the state of putrefac- 
tion, which is the final term of decomposition ; and of 
these changes we avail ourselves for particular and im» 
portant purposes. But, in order to make you under^ 
^tand this subject, which is of considerable importance, 
I must explain it more in detail. 

The decomposition of vegetables is always attended 
by a violent internal motion, produced by the disunion 
of one order of particles, and the combination of ano- 
ther. This is called yff'-m^^flf/fon.— There are several 
periods at which fermentation stops, so that a state of 
rest appears to be restored, and the new order of com- 

»unds fairly estubiished. But unless means be used 

secure these new combinations in their actual state, 

leir duration will be but transient, and a new fermenta- 

iun will take place, by which the compound last formed 

rill be destroyed ; and another, and less complex order 

will succeed. 

Emly, The fermentation, then, appears to be only 
the successive steps by which a vegetable descends t«^ 
its Hi tion I 
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Mr: Jl. Precisely lo. Your definiikm is perfectly 
HJ ur rect. 

Caroime. And how many fermentations, or new tr« 
TrngemcntSi does » vegetable undergo before it is re- 
•doced to hs umple ingredients ? 

Mn. B, Chemists do not exactly agree in this point ; 
but there tre* 1 think, four dibtinct fcrmcntatimis, or 
■periodSf at which the decomposition of vegetable mat- 
ter stops and changes its course- But every kind of 
vegetaUe matter is not equally susceptible of undergo- 
ing an theae fermenutions. 

There are likewise several circumstances required 
to produce fermentation Water, and a certain degree 
-of heat are both essential to this process, in order to se- 
parate the particles, and thus weaken ihcir force of co- 
hesion) that the new chemical affinities may be brought 
Into action. 

CaroSne. In frozen climates, then, how can the spon- 
taneous decomposition of vegetables take place? 

Mrs, B, It certainly cannot ; and, accordingly, we 
find scarcely any vestiges of vegetatioA where a constant 
iroat prevails. 

Caroline, One would imagine that, on the contrary, 
%uch spots would be covered with vegetables ; for, since 
they cannot be decomposed^ their numbers must always 
increase. 

Mrs. B. But, my dear, heat and water are quite as 
essential to the formation of vegetables as they are to 
their decomposition. Besides it is from the dead ve- 
getables reduced to their elementary principles, that 
the lising generation is supplied with sustenance. No 
young plant therefore, can grow, unless its predeces- 
-sors contribute both to its formation and support ; and 
these not only furrJsh the seed from which the new 
plant springs, but likewise the food by which it is nour- 
ished. 

Caroline, Under the torrid zone, therefore, whel^ / .*' 
water is never frozen, and the heat is very great, both 
the processes of vegetation, and fermentation must, I 
suppose, be extremely rapid f 

X 
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tfiey have been gathered. Life* therefore, is not es* 
^ lential to the formation of sugar, ^'hiht on the cortra- 
Tj, mucilage, fecula, and the other vegetable materials 
that are secreted from the sap by appropriate organs, 
whose powers immediately depend on the vital princi- 
ple, cannot be produced but during the existence of that 
principle. 

^ffi^. The ripening of fruits is, (hen, their first 
ttep to destruction, an well as their last towards perfec- 
tioQ? 

Mrs, B. Exactly so. — The saecharlne fermentation 
frequently takes place also during the cooking of veget- 
•bles. This is the case with parsnips, carrots, pota- 
toes, Sec. in which, sweetness is developed by heat and 
moisture ; atid we know that if we carried the process 
1 little ferther, a more complete decomposition would 
«iM||e. The same process takes place also in seeds 
previous to their sprouting. 

QaroUne. How do you reconcile this to your theory, 
Bfrs. B ? Can you suppose that a decomposition is the 
aecessary precursor of life ? 

Afrs. B, That is indeed the case. The materials 
•f the seed must be decomposed, and the seed dis- 
Wganiased, before a plant can sprout from it. — Seeds, 
heiides the embryo plant, contain (as we have already 
^Uer?ed), fecula, oil, and a little mucilage. These 
substances are destined for the nourishment of the fu- 
ture plat^; but they must undergo some change be- 
"fcre they can be fit for this function. The seeds, when 
huried ia the earth, wijth a certain degree of moisture 
*nd of temperature, absorb water, which dilates them, 
Separates their particles, and introduces a new order of 
Attractions, of which sugar is the product. The sub* 
Stance of the seed is thus softened, sweetened, and con- 
certed into a sort of white milky pulp, fit for the hour- 
^hment of the embryo plant. 

The saccharine fermentation of seeds is artificially 
l^roduced for the purpose of making malt^ by the fol- 
lowing process : A quantity of barley is first soaked in 
^atep for two or three days ; the water being after- 
guards drained ofF| the grain heats spontaneously, swells 
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burht?9 sweetens, shews a disposiiion to germlDate, aix^: 
would actually sprout, if the process was not stopped) 
by putthig it into a kiln, where it is well dried at a gen- 
tle heat. In this state it is crisp and friable, and consti- 
tutes the substance called mo//, which is the principal, 
ingredient of beer. 

JCi\tiij, But I hope you will tell us how malt is inade- 
into beer ? 

Mr«. B. Certainly ; but I must first explain to you. 
the nature of the second fermentation, which is essen*. 
tial to that opei*ation. This is called the vinoM ferment 
laiion, because its product is %uine, 

Jimiiy. How very dififerent the decomposition of ve* 
getables is from what I had imagined. The pro-, 
ducts of their disorganization appear almost superioPr 
to those which they yield during their state of life and 
perfection. 

Mrs, B, And do you not at the same ttme^ adsurt 
the beautiful economy of Nature, which, whether she 
creates, or whether she clestroys, directs all her opera- 
tions to some useful and benevolent purpose? It ap- 
pears that the saccharine fermentation is essential, a!^ 
a previous step, to the vinous fermentation ; so that 
if sugar be not developed during the life of the plant, 
the saccharine fermentation must be artificially produc- 
ed before the vinous fermentation can take place. This 
is the case with txirlcy, which does not yield any sugar 
until it is made into malt ; and in that state only 
it is susceptible of underj^iug the vinous fermentatbn 
by which it is converted into beer. 

Caroline. But if the product of the vinous fcrmenta-. 
tion is always wine, beer cannot have undergone tliat 
process ; for beer is certainly not wine. 

Mrs. B. Chemically speaking, beer may be con- 
sidered as the wine of grain. For it is the product of 
the fermentation of malt, just as wine is that of the fcr- 
menlcition of grapes, or other fruits. 

The consequence of the vinous fermentaiicn is the 
decomposition of the saccharine matter, and the form- 
siiion of spirituous liquor from the constituents of the 
jbut, in order to promote this fermentation^^ 
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BQtonljr water and a certain de;p*ec of Uc3i arc ^ccessa' 
Tfi but also lonie other vegetable ingredienta, besides 
tbtngar, as fecula, mucilage, acids, salts, cxtracti\'c 
mattery 8cc. all of which seem to contribute to this pro- 
cess. 

Emily. It is, perhaps, for this reason, that wine is 
lot obtained from the fermentation of pure sugar ; but 
that fruits are chosen for that purpose, as they contain 
lot only sugafy but likewise the other vegetable ingrc- 
&nt8 which are requisite to promote the vinous fermen- 
tatiQii* 

Mr; B. Certainly. And you must observe albOy. 
that the relative quantity of sugar is not the only cir** 
eimistance to be considered in the choice of vegetable 
juket for the formation of wine ; otherwise the sugar- 
cane would be best adapted for that purpose. It is * 
rather the manner and proportion in which the $:ugar is- 
mixed with other vegetable ingredients that influences 
the production and qualities of wine. And it is found 
that the juice of the grape not only yields the most 
considerable proportion of wine, but that it like\\ii>e af- ^ 
fords it of the most grateful flavour. 

Endiy.. I have seen a vintap;e in Switzerland, and I 
^ not recollect that heat was applied, or water added, >/- 
to produce the fermentation of the grapes. 

Afr», B. The common temperature of the atmos- 
pherei in the cellars, in which the juice of the grape 
u fermented) la sufficiently warm for this purpose ; 
and, aa the juice contains an ample supply of water, 
there is no occasion for any addition of it. — But when 
iiermentation is produced in dry malt, a quantity of wai- 
ter must necessarily be added. 

Emily. But what are precisely the changoa that hap* 
pen during the vinous fermentation I 
.. Mr; H^ The sugar is decomposed, and Its constitu- x 
ents are recombined into two new substances ; the ontf 
a peculiar liquid substance, called alcohol or afdrit of 
mncj which remains in the fluid ; the other, carbonic 
add gas, which escapes during the fermentation. Winei 
therefore^ in a general point of i lew, may be considei^- 
cd M a Uquid w which alcohol conslilules \]i:v^ ^^^^tcCw^ 
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part. And the varieties of strength and flavour of the 
different kinds of wine are to be attributed to the dif- 
ferent qualities of the fruita from which they are obtain- 
ed, independently of the sugar, without which no wine 
can be produced. 

Caroline, I am astonished to hear that 'so powerful 
a tiquid as spirits of wine should be obtained from so 
mild a substance as sugar \ 

Mrs, B. Can you tell me in what the principal (Uf« 
ference consist between alcohol and sugar i 

CaroUne, Let me reflect . . » . Sugar consists of 
carbonet hydrogen, and oxygen. If carbonic acid be 
substracted from it, during the formation of alcohol, 
' the btter will contain less carbone and oxygen than su- 
gar does ; therefore hydrogen must be the prevailing 
principle^of alcohol. 

Mrs. B, It is exactly so. And this very large pro- 
portion of hydrogen accounts for the lightness and com- 
bustible property of alcohol, and of spirits in general,, 
all of which consist of alcohol variously modifkd. 

jEmtli/, And can sugar be recomposed from the com- 
bination of alcohol and carbonic acid ? 

Mr9» B, Chemists have never been able to succeed 
in effecting this ; but from analogy, I should suppose 
such a . recom position possible. Let us now observe 
more particularly the phenomena that take place dur- 
ing the vinous fermentation. At the commencement 
of this process, heat is evolved, and the liquor swells 
considerably from the formation of the carbonic acidy 
which is disengaged in such prodigious quantities as to 
be often prejudicial to the vintagers. If the fermenta- 
tion be stopped by putting the liquor into barrels, be- 
^ QB4he whole of the carbonic acid is evolved, the wine 

brisk, like Champagne, from the carbonic acid im- 
d in it, and it tastes sweet like cider, from the su- 

r not being completely decomposed. 

Emily, But I do not understand why heat should be 
^evolved during this operation. For as there is a con- 
siderable formation of gas^ in which a proportionable 
^v of heat must become insensible, I should have 
(d that cold) rather thau heat, would have been 
& 
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1&9. A It tppeare so on first cotuideration ; but 
|ou must recollect that fermencation is a complicated 
tbcmical process ; and that, during the decompositions 
nd recompodtioos attending it, a quantity of chemical 
kit may be disengaged, sufficient both to dcvelope 
the gaS] and to cffiect an increase of temperature.-^ 
When the fermentation is completed, the liquid cools 
ind lubudesy the efienrescence ceases, and the thick 
iweet, sticky juice of the fruit is converted into a clear 
traniparent spiiituous liquor called wine. 

Emiiy. How much I regret not having been ac- 
counted with the nature of the vinous fermentation, 
when I had an opportunity of seeing the process ! 

Mr9, B, You have an easy method of satisfying 
yourself in that respect by observing the process of 
brewing, which, in every essential circumstance, is 
limilar to that of making wine, and is really a very cu- 
rious chemical operation. 

Although [ cannot perform the experiment of mak-> 
lag wine, k will be easy to show you the mode of ana- 
lysing it. This is done by distillation. When wine of 
toy kind b submitted to this operation, it is found to 
contain brandy, water, tartar, extractive colouring nut- 
ter, and some vegetable acids. I have put a little pore 
vine into thitf glass alembic (Plate X. Fig, 23. J aiid on 
placing the lamp under it, you will soon see these p.o- 
ducts successively come over— 

Mamlj^ But you do not mention alcohol amongst the 
products of the distillation of wuie ; and yet that is its 
most essential ingredient. 

Mr; B. The alcohol is contained in the brandy 
which is DOW coming over, and dropping from the still. 
Brandy is nothing more than a mixture of alcohol and 
water; and in order to obtain the alcohol piii'e, we 
must again distil it from brandy. 

('oro^n^. I have just taken a drop on my finger ; 

PLAT£ X. 

Fig. S3. A. Alembic B. Lamp. C. Wise glatik 
Fig. S4. Alcohol Blow-pipe. D. The Lamp. £. The r% 
tel in which the alcohol is koiling. F. A (afety valve. G. Tl 
ioBamedjct or fcream of alcohol directed towss^i^ ^^i^X^oitt^'i 
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h taxes like Strang bnndri but it is without colbiuv 
whilst brand 7 is of a deep ycUov. 

Mrs. B, It is not so natnnlly ; in its pure statE 
brandy is colourless, and it obtains the yclhm tint yon 
observe by eztiacdng the cokwring matter firom the 
new oaken casks in which it is kept. 

But if it does not acquire the usual dnge this way, it is 
the custom to colour tbe brandy used in this country 
artificially} in order to give it the appearmce of faaring 
been long kept. 

Carolina, And is rum also distilled firom wine ? 

J^Lra. B. By no means ; it is distilled from the su- 
gar* canes a plant which contains so great a quantity of 
sugar, that it yields more alciriiol than almost any other 
vegetable. Previous to tbe distillation of the spirit, the- 
sugar-cane is made to undergo the vinous fermentadoD, 
w^ch the other ingredients c^ the plant are just suffix 
cient to promote. 

Tbe sfHrituous liquor called cracky is in a amilar 
manner distilled from the product of the vinous fiermen- 
tation of rice. 

Rmily, But rice has no sweetness ; does it oontaiB- 
any sugar ? 

A/r«» B. Like barley and most other seeds, it is in- 
sipid until it has undergone the saccharine fermenta- 
tioa ; and this, you must recollect, is always a preri- 
ous step to tbe vinous fermentation in those vegetables 
in which sugar is. not already formed. Brandy may in 
the same manner be obtained from malt. 

Caroline. You mean from beer, I suppose ; for the 
malt must have previously imdergone the vinous fisr- 
mentation. 

Mr*. B. Beer is not precisely the produce of the 
vinous fermenution of malt. For hops are a necesaiary 
ingredient for the formation of that liquor ; wliilst bran- 
dy is distilled from pure fermented malt. But brandy 
might, no doubt, be distilled from beer as well as from 
any other liquor that has undergone the vinous fermen- 
tution ; for since the basis of brandy is alcohol, it may 
h2 r.btained from any liquid that contains that spirituous 
tfubstancc* 
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Mmilf* And prsf, from what TegcUble a the £&toiw 
k« ipirii •f the lower ordertof people, gin, estnMUcd I 

Mrm, B, The spirit (whkfa is the seme n all fer- 
■KMed liqtion} may be otitained fmn aojr kind of 
fiain ; but the peciilbf flavour which diitinf^ishes gin* 
islhatof jimiper berries^ which are dbiilJed together 
with (euo;-* 

1 thMk the btendy eootained io the wiiie which w» 
era iPuitTgi Miist* bf this time, be all come over. 
Yes taiie the fluid that is iu>w droppng from the 
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. Jfiw. B. It b water, which, as I was telling fou, ia 
Ae ieooml product of wine, and ooroes over after all 
Ihe spiikf wluch Is the lightest part, is di^itiiled. The 
Ivter and estrective colouriog matter we shall find in a 
mU farm At the bottom of the alembic. 

MmU^. They look very like the lees of wine. 

Me. B. And ia maoy respects they are of a simi- 
hir eateie ; for lees of wine consist chiefly of tartrit of 
{ctish. a salt which ensU in the juice of the gimpoi 
iod in many other vegetables, and is developed only by 
the linoiia fermentation. During this operation it is 
piecipitatedi and deposits itself on the internal surface 
of the cask in which the wine is contuined. It is 
mch used in 'medicine under the name of cmun of 
tanttTf and it is from, this salt that the tartarous acid is 
sblamed. 

Caraiine. Btit the medianal cream of tartar is in 
Jfpeerance quite different from these dark coloured 
^Nge I it if perfectly colourless. 

M-«. B, Because it consists of the pure salts only, 
inili.cryaddliaed form; whilst in the instance before 
«s it la mised with the deep-coloured extradite matter 
md other fordgn ingredioDts. 

^^. Pray cannot we now obuin pure alcohol from 
the brandy which we have distilled I 

Mn, B, We might: but the process would be 
tsdioiis : for in order to obtain alcohol perfectly free 
fiom water, it is necessary to distil, or as the distillers 
^it recfi/j/ it several tiroes. You must thereibrei 
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low me to produce a bottle of akohol that has beco 
thus purified. This is a verjr important ingre&iity 
which has manf striking properues, besides iu fatwoiD^ 
the basis of all spirituous liquors. 

£mily. It is alcohol, I suppose, that producea iotos- 
ication? 

Airs, B. Certainly ; but the stimulus and mofaent' 
ary energy it gives to the system, and the intosicalion 
it occasions when taken in excess, ara circimiMaBce& 
not yet accounted fbn 

Caroline, I thought that it produced these effects by 
increasin;; the rapidity of the circulation of the blood i 
&r drinkiLg wine or spirits, 1 have heard always qmckr 
ens the pulse. 

Mrs. B, No doubt ; the spirit by stimukting tli# 
nerves, increases the action ojf the muscles ; and th« 
heart, which is one of the strongest muscular organs, 
beats with augmented vigour and propels the blood with. 
accelerated quickness. After such strong excitation 
the frame naturally suffers a proportional degree of de- 
pression, so that a state of debility and langour are the 
invariable consequences of intoipcation. Sut though 
these circumstances are well ascertained, they are £ir 
from explaining why alcohol sliould produce such et 
fccts. 

EmUy, Liqueurs are the only luiid of spirits whick 
I think pleasant. Pray of what do they consist ? 

Mrs, B, They are composed of alcohol, sweetened 
with syrup, and flavored with volatile oil. 

The different kinds of odoriferous spirituous waters 
are likewise solutions of volatile oil in alcohol, aa laven- 
der water, eau de Cologne, &c. 

The chemical properties of alcohol are important and. 
numerous. It is one of the most powerful chemical 
agents, and is particularly useful in dissolving a variety 
of substances which are soluble neither by water nor 
heat. 

Emily. We have seen it dissolve copal and mastic 
to form varnishes ; and these resins are certainly not 
soluble in water, since water precipitates them from. 
their solution in alcohol 



Ibv. B. I un happy to find tliat you recollect these 
circumitaDcet to well. The same experiment afibrds 
alM an Imtapce of anoiber property of alcohol, us ten- 
dency to uiiiie with water ; for the reain h precipitated 
ID oonaequence of loaing the alcohol, which abandona 
kfrom kta preference for water. We do not, howeveri 
Goniider the uiuon of alcoliol and water, as the cfFcct 
of chemical combination, but rather as a sim])ie aolu- 
tk»i MOtflar to that of sulphuric acid and water ; it ia 
attended also aa you may recollect, with the same pe- 
culiar drcumbtance of a ()i>>en(|rii);eiiient of heat and con* 
sequent diminution of Inilk, which wc have supposed 
to be produced by a mechanical j)cnctration of panicles 
fay which latent heat is forced out. 

Alcohol unites thus readily not oitly with rehins and 
wkh water, but with oils and balsams ; tlicac coni^touiids 
imn the* extensive ckiss of elixers, tinctures, quintes- 
iCDcea, fcc« 

£$nily. I suppose that alcohol must l>e hi^hlv com- 
bustible, since it contains so large a praportion of hy- 
drogen? 

Mr9. B. Extremely so ; and it will bum at a veiy 
moderate temperature. 
^Corotffie. I have often seen both brandy and spirit 
of wine burnt ; they produce a great deal oE flame, but 
not a proportbnal quantity of heat, and no smoke what- 
ever. 

Mr4. B. The last circumstance atiscs from their 
combustion btmg complete ; and the disproportion be- 
tween the iUime and heat shows you that these are by 
no means synonimous. 

The great quantify of flame proceeds from the com- 
bustion of the hydrogen, to which, you know, that 
manner of burning is peculiar — H<:vc you not remarked 
alsoi that brunuy and alcohol will burn without a wick \ 
They take-fire at so low a temperahire, that this assist- 
ance is not required to concentrate the heat and vola- 
tilize the fluid. 

Caroline. I have sometimes seen brandy, burnt by 
merely heatinji it in a spoon. 

Mr9, B, The rapidity of the combustion of alcoh< 
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nay, however, be prodigiously increased by Tolaliliaog 
it. Ad ingenious instruiiient has been constructed on 
this principle to answer the purpose of a blow pipe^ 
irhicb nuky be used for melting glass or other chemical 
purposes. It consists of a smsJl metallic vessel C Plate 
X. Fig, 24j of a sperical vhape, which contains 
the alcohol* and is heated by the lamp beneath h ; 
as soon as the alcohol is volatilizedi it passes through 
the spout of the vessel, and issues just above the wicle 
«>f the lamp, wluch immediately sets fire to the stream 
of vapour, as I shall shew you-* 

Emily. With what amazing violence it bums ! The 
fiame of alcohol in the state of vapoiir, is^ I fancy much 
hotter than when the spirit is merely burnt in a spoon ! 

Mrn. B. Yes ; because in this way the combustion 
goes on much quicker, and, of course, the heat is pro- 
|)ortionally increased.^-ObserTe lis efPect on this small 
glass tube, the middle of which I present to the extreme 
ity of the fiame, where the heat is greatest. 

CaroHnc, The glass, in that spot, is become red hot) 
and bends from its own weight* 

Mr«. B. I have now drawn it asunder, and am go* 
ing to blow a ball at one of the heated ends ; but I must 
previously close it up. and flatten it with a little metal- 
lic instrument, otherwise the breath would pass through 
the tube without dilating any purt of it. Now, Caroline, 
will you blow strongly into the tube whilst the closed 
«nd is red hot ? 

Emily, You bk>wed too hard ; for the ball suddenly 
dilated to a great size, and then burst in pieces. 

Mrs. B. You wiU be more expert another time ; 
but I must caution you, should you ever use this blow- 
pipe, to be very careful that the combustion of the alco- 
hol does not go on with too g^at violence, for I have 
seen the fl.ime sometimes dart out with such fisrce as 
to reach the opix)site wall of die room, and set the paint 

fire There is, however, no danger of the vessel 
i^r sting, as it is provided with a safety tube, which af- 

ds un additional vent for the vapour of alcohol when 
quired. 
The products of the combustion of alcohol consist la 
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'a pe9X proportion ofwBicr, tiul a small rjii^nii')- of car* 
iniiic acid. There is no atnoke or fixed un-aiiis what- 
erer. How do you account for that, Emily 1 

Emily, I suppose that the oxygen which >t c alco- 
hol abaorbv in burning, converts its hrctrdgrn into wa* 
tcr» and ita carlxme into carbonic acid ga» i and thus it 
11 eomptetely constftned. 

ilfrt. H. Very welL^^Mrr, the lii^litesl of all flu- 
idS| and with which you are well acquainteH, i» obtained 
from alcohol, of which it forms the lightest and most 
^volatile part. 

EmUy, Ether, then, u to clcchol, what ukchul is 
to brandy \ 

AJn B. No : there is an essential difTerence. In 
order to obtain alcohol from brandy, you need only de- 
priTe the latter of its water ; but for the formation of 
"ether, the alcohol must be decomposed, and one of its 
Tonstituenta partly substracted. I leave you to guess 
^hicji of them it is— 

Emily, It cannot be hydrogen, as ether is more vo- 
latile than alcohol* and hydrogen is the lightest of all 
its ingredients : nor do I suppose that it can be oxygen, 
as alcohol contains so small a proportion of that princi- 
ple ; it is therefore, most proljubly cat bone, a diminu- 
tion of which would not foil to render the new com- 
pound more volatile. 

Mr«. B. You are perfectly right. The formation 
of ether consists simply in substracting from the alco- 
hol a certain proportion cf carbone ; this ic effected by 
the action of the sulphuric, nitric, or muriatic acids on 
alcohol. The acid and carbone remain at the bottom 
of the vessel, whilst the decarbonised alcohol fiiea off 
in the form of a condensable \'apour, which is ether. 

Ether is the most inflammable of all fluids, and bums 
at so low u temperature that the heat evolved during 
its combustion is more than is required for its support* 
80 that a quunthy of ether is voladlised, which takes 
fire, and gradually increases the violence of the com- 
bustion* 

This spirituous fluid is sO light that it evaporates at 
the common temperature bf the atmosphere) it is there- 

Y 
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ic»re rrcessarr lokeep h ccjofined br a wcR grmrad gias 
stopper. No □eg^'ec of cold known has erer froxen it. 

Cc^aHnr, Is ii uofl ofien ukcn mcdicxnallf ? 

A'r&. £. Yes ; it is oac of the roost effectual ands- 
paszTjCKJc medicxTies, £;Dd the quickness of its eSectSi 
&s su£.h, -pro^ih^Ay depeiids on 2:5 being lns:axit!r cod- 
icr.cd ir/.o xstp-'jur bj the beat of ibe stomach, through 
:>ie iDtenreouoD of which it acts on the nenrous srstem. 
But the frequent ust of ether, like that of spirituoos 
Ijr^'^ors, becomes prejudical. sj^. if t&ken to exccs% 
i: pr&duccs effects similar to tJiOse cf ir toxicauco. 

We mar now t<.ke our lta\e of the linous fennenta- 
ticm, of which I hr.pe, you h:&^e acquired a dear idea; 
as -ncll ds Lf the several piixliscts ihd^t are oemtd &cni 
it. 

CtT'oHnr. Though this process appears at first sight 
so n.iich com plj edited, ii mar. I thirk, be surnmed up 
iTj few worths as it corisi^ts simpiV in the cooircrsion of 
s-jg^r into alcohcl Lnd ciiiboiiic iicid. whkh gives rise 
)/oth to the form ..lion of wine, ai d of ali kinds of spirit- 
lious liq'^ors. 

J^f... E. We sba!l nsw proceed 10 the aci:cz:M fer^ 
mcjyta:ir,7^y mlijch is iKls called, because i: CQ^i^tns wine 
into vinegar, by vhc forma'.ion of llic accious acid, 
vJiich is the bdsis or racUctl of vinegar. 

CarrjUnt. But is not the acidifying principle of the 
acetous acid the same aa th<±t of all o:ber aclJs, osy* 
gtn? 

J^Jrt, B, Ccrtbinly ; and on tb^t account the con- 
tact of air is esscniidl to this fermentation, as it afibrds 
the necessary supply of osygen. Vinegar, in order to 
obtain pviie acetous acid from lU must be distilled and 
lecliSod by certain processes; and the more frequent- 
ly this operation is repeated, the more perfect the acid 
Vfiil be. 

Jirmlv. But pri^y, Mrs. B is not the acetous acid 
fr':rjMen»ly formed v.iihcut this fermentation taking 
pliice ? Is it not, for instance, contained in acid fruitSi 
L'.A 'ij every S'ibst:ii:cc that becomes scur ? 



Mr-t. //. No, not in fruits; you confound it with 
tjc cJuic, the mailc^ tlic oxalic, and other vegetable 
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■cids, to which living veg;ctablcs owe thoir acidity. Qut 
whenever a vegetable substance turns sour, afier it hu% 
ceased to Iive« the acetous acid is devcloi)cd by means 
of the acetous fermentation, in which tlie su1>atance ad- 
vances a step towards its final decomposition. 

Amongst the various instances of acetous rcnncnta« 
tibB, that of bread is usually classed. 

Caroline, But the fermentation of bread is produced 
bj yeast ; how does th a effect it ? 

ilfrt. B. It is found by experience that any sub- 
stance that has already undergone a icrmcntation, Will 
readily excite it in one that is susceptible of that process. 
I( for instance^ you mix a little vinegar with wine that 
is intended to be acidified, it will absorb oxygen more 
raiHdlj« and the process be completed much sooner 
than if left to ferment spontaneously. Thus, }cast» 
which is a product of the fermentation of beer, is used 
to excite and accelerate the fermentation of malt, which 
is to be converted into beer, as well as that of paste 
that is to be made into bread. 

CaroHne. But if bread undergoes the acetous fcrmcn- 
ta'.ioni why is it not sour ? 

AirM, B. It acquires a certain savour which corrects 
the heavy insipidity of flour, and may be reckoned a 
first degree of acidification ; for if the process was car^ 
ried ftirther, the bread would become dccidly acid. 

There are^ however, some chemists who do not con- 
uder the fermentation of bread as being of the acetous 
kind, but suppose that it is a process of fcrnientutioQ 
peculiar to that substance. 

The fintrid /ermrntatioii is the final operation cf Na- 
ture, and her last step towards reducing organized bo- 
dies, to their simplest combinuions. Ail vegetables 
spontaneously undergo this fermentation after deathi 
provided there be a sufficient degree of heal ard mois- 
ture, together with access of air ; for it is veil known 
that dead plants may be preserved by drying, or by the 
total e:cclusion of air. 

Caroline, But do dead plants undergo the other fer- 
mentations previous to this last ; or do they imme 
ately suffer the putiid fermentaUon \ 
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3/ra. B". That depends on a vai jctf of circumstM>- 
ce&, such as the degrees of temperature and of moist- 
ture, the nature of the plant itself, Sec. But, if you.> 
M-ere carefully to follow and examine the decomposition 
of plants from their death to their final dissolution, youv 
would generally find a sweetness developed in the seeds^ 
and a spirituous flavour in the fruitS: (which have under-^ 
.gone the saccharine fermentation), previous to the to* 
tal disorganization and separation of the parts. 

Emily, I have sometimes remarked a kind of spi* 
rituous taste in fruics that were over npe, especially 
oranges ; and this was just before they became rotten. 

Mrs. B. It was then the vinous fermentation which; 
had succeeded the saccarine, and had you followed up* 
these changes attendvely, |:ou would probably have- 
found the spirituous taste followed by acidity^ previousi 
to the fruit passing to the state of putre&ctioQ. 

When the leaves &11 from the^ trees in autumn^ they 
do not (if there is no great moisture in the atmosphere) 
immediately undergo a decomposition, but are first dri- 
ed and withered ; as soon, however, as the rain sets inf 
fermentation commences, their gaseous products aie- 
imperceptibly evolved into the atmosphere, and their, 
fixed remains mixed wuh their kindred earth. 

Wood, when exposed to moisture, also undergoes, 
the putrid fermentation and becomes rotten. 

Emily, But I have heard that the dry rot, which is 
so liable to destroy the beams of houses, is prevented: 
by a current of air ; and yet you said that air was es^ 
sential to the putrid fermentation I 

M;s, B. True ; but it must not be in swch a pro- 
portion to the moisture as to dissolve the latter, and^ 
this is generally the case when the rotting of wood is. 
prevented op stopped by the free access of air. — What 
is commonly dry rot, however, is not, I believe, a true 
process of putrefaction. It is supposed to depend on a 
peculiar kind of vegetation, which, by feeding on the 
"wood, gradually destroys it. 

Straw and all other kinds of vegetable matter tmdcr- 
go the putrid fermentation much more rapidly when 
mixed with animal matter. Much heat is evolved dur- 
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iftg this process, and a Tariety of volatile products are 
disenga^d, as carbonic acid and hydrogen gais the 
ktter of which is frequenily cither sulphurated or phos- 
]4u>nited. When all these gasses have bein evolved, 
the fixed products consisting of carbune« salts, potash, 
ttc. ibmi a kind of vegetable caith, which makes very 
fine mamiret as it is composed of those elements which 
form the immediate matehais of plants. 

Caroline, Pray are not vegetables sometimes pre- 
serred from decomposition by petrcfacliun I I have seen 
▼ery carious specimens of petrified vegetables, in which 
state they perfectly preserve their form and organiza- 
tion, thcmgh in appearance they are changed to stono. 

Mtm, B. • That is a kind of metamorphosiH, which, 
now that you are tolerably well versed in history of min- 
eral and vegetable substances, 1 leave to your judgment 
to explain. Do you imagine that vegetables can be 
converted into stone ? 

Emily, No ceiiainly ; but they miji^ht perhaps be ■ 
cbknged to a substance in appearance resembling stone. 

Mr; B. It is not so, however, with the substances 
that are called petrified vegetables ; for these are real- 
ly stone, and generally of the hardest kind, consisting 
chiefly of silex. The case is this ; when a vegetable 
is buried under water, or in wet earth, it is slowly and 
gradually decomposed. As each successive particle of 
the vegetable is destroyed, its place is supplied by a 
]Nirticle of silicious earth, conveyed thither by the water. 
In the course of time the vegetable is entirely destroyed, 
but the silex has completely replaced it, having assum- 
ed its form and apparent texture, as if the vegetable it- 
self were changed to stone. • 

QaroSne, - That is vei y curious ! and I suppose that 
petrified animal substances are of the same nature ? 

Mrtf*. B, Precisely.. It is equally impossible for citb- 
tr animal or vegetable substances to be converted into 
stone. They may be reduced, as we find they are, by 
decomposition* to their constituent elements, but can- 
not be changed to elements, which do not enter into 
their composition. 

¥2 
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There are) however, circumstonces which frequent- 
ly preveBt the regular and final decomposition of veg^ 
tables ; as, for instance, when they are. buried either^ 
in the sea, or in the earth, where they cannot undergo 
the putrid fermentation for want of air. In these caset 
they are subject to a peculiar change, by which they 
are converted into a new. class of compounds, called : 

Caroline. These are substanceslnever heard of«be-- 
fore. 

Mrs^ B^ You will find, however, that sofneofthem^ 
are very familiar to you. Bitumens are vegetables so far- 
decomposed as to retain no organic appearance ; but - 
their origin is easily detected by their oily nature^ their - 
combustibility, the products of thei^ analysis, and the 
impressions . of the. forms oi leaves, grains, fibres k^V. 
wood, and even of animals, which they frequently bear. . 

They are. sometimes of an oily liquid consistence, as ^ 
the substance called nafihtha^ which is a fine transparent- 
colourless fluid, that issues out of clays in some parts of: 
Persia. But more frequently they are solid as aafihaltitm^ \ 
a smooth hard brittle substance^ whkh.. easily melts, 
and forms,, in its- liquid state, a beautiful dark brown . 
colour for oil painting. Jet^ which is of a still harder * 
texture, is^ peculiar bitumen^ susceptible of «o fine a po-.- 
lish that it is used for many ornamental purposes. 

Coal 19 also a bituminous substance, to the composi- - 
tion of which both the. animal and mineral kingdoms-, 
seem to concur* This most useful mineral appears to ^ 
consist chiefly of vegetable, matter,, mixed* with re*- 
mainS'oE marine animuls and marine salts, and occa- 
sionly containing a quantity of sulphuret of irooj com-. 
monly called pyrites. 

EmUy, It is, I suppose, the earthy, the metallic, . 
and the saline parts of coals, that compose the cinders . 
or fixed products of their combustion ; whilst the hy- 
drogen and the. carbone, which they derive from vege* 
tables, constitute their volatile products. 

Caroline, Pray is not coak (which I have heard is 
much used in some manufactories) also a bituminous 
•uhstance I 
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JITr*. B. Ii is a kind of fuel artificially prepared from 
«)al«. It consisCt of coals reduced to a substance anal- 
egous to charcoal, by the evaporation of their volatile 
parts. Coak, thcrcforci is composed of carbone, with 
some earthy and saline ingredients. 

Succin or yellow amber^ is a bitumen which the an- 
cients called electrum, from whence the word electricity 
is derived^ as that substance is peculiarly, and was once 
supposed to be exclusively electric. It is found either 
deeply, buried in the bowels of the earth, or floating on 
the sea, and is supposed . to be a resinous body, which 
has been acted upon by sulphuric acid, as its analysis 
shews It to consist of an oil and an acid* The oil is call- 
ed ok^^ amber^ the acid the succinic. 

jUmiif. That oil 1 have sometimes used in painting,. 
as it is rackonedto change less than the other kinds of 
eik. 

Afr9* B, . T3ie last class of. vegetable substances that 
have changed . their nature are fossil tvoody fifot^ and 
tMrf._ These, are composed of wood and roots of shrubs, 
that are partly decomposed by being exposed to mois- 
tore imder. ground, and yet, in some measure, preserve 
their. form -Mid organic appearance. The peat, or black 
earth of the. moors, retains but few vestiges of the r()r)ts 
te which it owea its richness and combustibility, these 
substances being in the course of time reduced to the 
state of vegetable earth. But i^ turf the roots of plants 
are still discemable, iind it equally answers the purpose 
of fuel. It is the combustible used by the poor in heuthy 
CGuntrieSr which supply it abundantly. 

It is too late this morning to enter upon the history of 
vegetation. We shall reserve this subject, therefore, 
for our next interview, when I expect that ii will furnish 
ua with ample matter for another conversauon. 
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Ci)nt)er0ation xix^ 



Hiatory, of FegetatioHw 



Mr9. B.. 

Thjb Vegetable Kingdom may be censidercd^ as the* 
Hnk wnich unites the mineral and animal creation Into- 
one common chain of beings ; for it is through the means' 
of vegetation alone that mineral substances are-introdu- 
ced into the animal system, since generally speaking, it 
is from vegetables that all animals ultimately derive 
tineir sustenance. 

Caro&ne, 1 do not understand that ; the human spc*- 
cies subsist as much on animal as on vegetable food,- 
and there are some carnivorous animals that will eat on- 
ly animal food. 

Mrs. jB. That is true ; but you do not consider that 
those that live on animal food derive their sustenance 
equally, tlu>ugh not so immediately, from vegetables. 
The meat that we cat is formed from the herbs of the- 
field, and the prey of carnivorous animals proceeds, • 
either directly or indirectly, from the same source. It > 
is therefore through this channel that the simple ele-' 
menis become a part of the animal frame; Wc should* 
in vain attempt to derive nourishment from carbone, 
hydrogen, and oxygen, either in their separate statCi 
or combined in the mineral kingdom ; for it is only by 
being united in the form of vegetable comlanatioo that* 
they become capable of conveying nourishment. 

Emily. Vegetation then, seems to be the method 
which nature employs to prepare the food of animals ? 

Mrs, B, That is certainly its principal object.— The 

vegetable creation does not exhibit more wisdom in that 

irable system of organization, by which it is enab- 

) answer its own itamedvaXfe e^^'s^ ^^ ^t«isetvation, nu- 

Mi, and propags^Vioii, \.W«i\x^ ^t^e^ «cA >^\aftax^ 



273 

•5jiect of ferming those arran^ments and combinationt- 
of principtcsy which ure so well ndupted for the nourish* 
ment of animjili. 

Emily, But I am verf curious to know whence veg- 
etables obtain those principles, which form their imme* 
diate materials ? 

MvM. B. This is a point on which wc are yet so- 
much in the dark, that I cannot hope fully to satisfy 
your curiosity ; but what little I know on this subject) I 
will endeavour to explain to ^ou. 

The soily which, at first view, appears to be the all* 
nent of vegetables, is found, on a closer investigation, to 
he little more than the channel through which they re- 
Cfdvc their nourishment ; so that it is very possible to 
rear plants without any earth or soil. 

CaroSne, Of that we have an instance in the hya-^ 
ointh and other bulbous roots, which will grow and hlo8« 
iom beautifully in glasses of water. But I confess I 
should think it would be difficult to rear trees in a simi- 
lar manner. 

3ff'«. B. No doubt it would, as it is the burying of 
the roots in the earth that supports the stem of the tree. 
But this ofBce, besides that of affording a vehicle for 
food, is far the most important part which the earthy; 
portioQs of (he soil perform in the process of vegetation ; 
wc we can discover by analysis but an extreme ly small- 
proportion of earth in vegetable compounds. 

Caroline. But if earths do not afford nourishment, 
why is h necessary to be so attentive to the preparation, 
of the soil ? 

Afn. B. In order to impart to it those qualities 
vhich. render it a proper vehicle for the food of the 
pbnt Water is the chief nourishment of vegetables ; 
if^ theivfore, the soil be too sandy, it v. ill not retain a. 
quantity of water sufficient to supply the roots of the 
plants. If, on the contrary, it abounds too much with 
clayi the water will lodge in such quantities as to threa-- 
ten a decomposition of the roots.— Calcareous soils are 
upon the whole the most favourable to the growth of 

entS). from their containing in great abundance car- 
uc acid| which is one of the most e^sctvlvA vci^x^^* 
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tnts of vegetation. Soils are, therefore, usually rap- 
proved by chalk, which you may recollect, is a cir* 
bonat ot lime. Different vegetables, however reqidro 
different kinds of soils. Thus rice demands a wkmI, r< 
tentive soil ; potatoes a soft sandy soil ; wheat a firm and 
rich soil. Forest trees grow better in a fine sand tkm 
in a stifi^clay ; and a light feru^ous soil ii beat auilcd 
to fruit trees. 

Caroline, But pray what is the use of manuring the 
soil ? 

Mrs, Ii. Manure consists of all kinds of substance V 
wheth^r of vegetable or animal origin, which havean> 
dergone the putrid fermentation and are consequently' 
decomposed, or nearly so, into their elementary prio- 
ciples. Now, I ask you what is the utility of supplying^, 
the soil with these decomposed substances I 

Caroline, It is, I suppose, in order to furnish rege- 
tables with the principles ■ which enter into their com*- 
position. For manures not only contain carbonf , by 
drogen, and oxygen, but by their decomposiiion tup- 1 
ply the soil with these principles in their elementary | 
form. 

Mrs, B. Undoubtedly ; and it is fi)r this reason that- 
the finest crops are produced in fields that were former* 
ly covered with woods, because their soil is composed 
of a rich mould, a kind of vegetable earth which a*- 
bounds in these principles. 

Emily, This accounts for the plentifulness of the 
crops produced in America, where the country was but 
a few years since covered with wood. 

Caroline, But how is it that animal substances are 
reckoned to produce the best manure ? Does it not ap- 
pear much more natural that the decomposed elements 
of vegetables should be the most appropriate to the for- 
mation of new vegetables ? 

Mra, B, The addition of a much greater proportion 
of nitrogen, which constitutes the chief difference be- 
tween animal and vegetable matter, renders the com- 
position of the ftjrmer more complicated, and conse- 
quently more favourable to dcconip>csition. The use. 
of animal substances \s cVvVtft^ \s> ^vs^ U\^ first impulse; 
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^ theTermentation of the vegetable ingredients that«n« 
ter into the composition of manures. The manure of 
a farm-yard is of that description ; but there is scarcely 
-any substance susceptible of undergoing the putrid fer- 
mentation that will not make good manure. The heat 
produced by the fermentation of manure is another 
circumstance which is extremely favourable to veget- 
ation : yet this heat would he too great if the manure 
*was laid on the ground in the height of fermentation ; 
'it it uaed in this state only for hot- beds, to produce mel- 
ons, cucumbers^ and such vegetables as require a very 
high temperature. 

Caroline, A difficulty has just occurred to me which 
I do not know how to remove--— Since all organized 
'bodies are, in the common course of nature, ultimately 
reduced to their elementary slate, they must necessa- 
rily in that state enrich the soil, and afford fuod for ve- 
getation. How is it then that agriculture, which can- 
not increase the quantity of these elements that are re- 
quired to manure the earth, can increase its produce so 
wonder iully, as is found to be the case in all cultivated 
countries ? 

Mre. B, It is by suflcring none of these principles 
to remain inactive, and by employing them to the best 
advantage. This object is attained by a judicious pre- 
paration of the soil, which consists in fiiting it either 
for the general purposes of vegetation, or for that of the 
particular seed which is to be sown. Thus, if the soil 
be too cold, it may be warmed by slacking lime upon 
it \ if too loose and sandy, it may be rendered more 
consistent and retentive of water by the addition of clay 
or loam ; if too poor, it may be enriched by chalk or 
any kind of calcareous earth. On soils thus improved, 
manures will act with double efficacy, and if attention 
-be i)aid to spread them on the ground at a proper sea- 
son of the year, to mix them with the soil so that they 
inay be generally diffused through it, to destroy the 
weeds that might appropriate these nutritive principles 
to their own use, to remove the stones which would im- 
pede the growth of the plant, &c. we may obtain a pro- 
duce an hundred fold more abundant than the earth 
icould spontaneously supply. 



Ejnily, We have a rerj strikinf^ instance oF this u 
the scanty produce of uncaltivated cominons>-coinparei 
to the rich crops of meadows which ai*e oocAstonall; 
manured. 

Caroline. But, Mrs. B- though experience, dai! 
proves the advantages of cultivation, there is still a difl 
culty which I cannot get ovtr. A certain quantity c 
elementary principles «xist in nature, which it is m 
in the power of man either to augment or diniinisi: 
Of these principles you have taught us that both the at 
imal and vegetable creation are composed. Now th 
more of them is taken up 4iy the vegetable kingdon 
the Ic^s it would seem, will remain for animals; an 
therefore the more populous the earth becomesi the les 
It will produce. 

Mrs, B. Your reasoning is very plausible ; but c% 
perience every where contradicts the inference yo' 
would draw from it : for we find that the animal an 
Tegetable kingdoms, instead of thriving as you woult 
suppose, at each otlier^s expense, always increase an* 
multiply together. Indeed, you must allow that you 
conclusion would be valid only if every particle of th 
several principles that could possibly \ye spared fran 
other purposes were employed in the animal and vege 
table creations Now we have reason to believe, tha 
a much giv-a er proportion of these principles than i 
required -ibr such purposes remains, either in an ele 
mentary state, or engaged in a less useful mode o 
combination in the niinerul kingdom. Possessed o 
such immense <;psources as the atnK)sphere and th( 
water affords us, for oxygen, hydrogen, and carbone 
so far from being in dinger of working up all our sim 
pie maieridls, we cannot suppose that we shall evei 
■bring agriculture to sucn a degree of perfection as to re 
■quire the whole of what these resources could supply. 

Nature, however, in thus furnishing us with an in 
exhiuistible stock of raw materials, leaves it in some 
iTieusure to the ingenuity of man to appropriate thcw 
to his own purposes. But like a kind parent, she stl 
mulates him to exertion, by setting the example and 
out the way. For it is on the operations ol 
at all the imT)vo\ emttiXft ^ "vcwc^ (bunided -« 
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"Yheartof agiicultiire consists^ there Tore, in discovering 
the readiest method of obtaining the hcverul principlesi 
liither from their grand souiccsi air and water, or from 
the decomposition, of orgunia^rd Ixidies ; and in appro- 
priating them in the best manner to the purposes of ve« 
Igetation. 

Ermlj^ But, among the sources of nutritive princi- 
ples, I am surpriHed that you do not mention the earth 
Itself, as it comuins abundance of coals which are chieflj 
composed of carbr^ne. 

MrM. B. You must recollect that coals arc, pi incipal- 
ly, if not entirelv* of vegetable origin : and thcu T re, the 
earth should be considered raiher as the vehicle thro' 
which decayed organized matter is gradually brnught 
to the state of coals, than as the original Siource of that 
valuable combustible. Bei=ides, you know, that tho' 
'cttls abound in carbone, they cannot on account of their 
hardness and impermeable texture, be immediately 
"Bubservient to the purposes of vegetation. 

Emily. No ; but by their combustion carbonic acid 
Is produced ; and this entering into vmious combina- 
&D8 on the surface of the earth, may perhaps assist ill 
promoting vegetation. 

Mr«. B. Probably it may in some degree ; but at any 
tale the quantity of nourishment, which vegetables may 
derive from that .source, can be but very trifling, and 
must entirely depend on local circumstances. 

Caroline. Perhaps the smoky atmo sphere of London 
is the reason why vegctaUon is so forward and so rich in 
its vicinity ? 

Mr; B, I rather believe that this circumstance pro- 
ceeds from the very ample supply of manure, assisted 
perhaps by the warmth and shelter which the town af- 
Ms. Far from attributing any good to the smoky at- 
&K»phere of London, I confess, I like to anticipate 
the time when we shall have made such progress in 
the art of managing combustion, that every particle of 
carbone will be consumed. <'ind the smoke destroyed 
at the moment of its produc.ioii. Wc may then ex- 
pect to have the satisfaction of seeing the atmosphere^ 
V London as clear as that of the couuUv, — \!i\i\ Vq \tp 
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turn to our subject : I hope that you arc now convino 
that we shall not easily experience a deficiency of n 
iriiive elements to fcitilize the earth, and that, provid 
we are but industrious in applying them to the best a 
\antagc by improving the art of agriculture, no liro; 
can be assigned to the fruits that we may expect to r© 
from our labours 1 

Caroline. Yes ; I am perfectly satisfied in that r 
spcct, and can assure you that 1 feel already much mo 
interested in the progress and improvement of agrici 
ture. 

£mily, I have often thought that the culture of t 
land was not considered as a concern of sufficient ii 
portance. Manufactures always tak<; the lead; a 
health and innocence are frequently sacrificed to t 
prospect of a more profitable employment. It has ofi 
grieved me to see the poor manufacturers crowded i 
getlier in close rooms, and confined for the whole d 
to the most uniform and sedantary employment, inste 
of being engaged in that innocent and salutary kind 
labour, which nature seems to have assigned to nian i 
the immediate acquirement of comfort, and for the pi 
sei'vation of his existence I am sure that you agr 
with me in thinking so, Mrs. B. 

Mrs, B, I am entirely of your opinion, my dear, 
regard to the importance of agiiculiure ; but I am i 
from wishing to depreciate manufactures ; for as I 
labouV of one man is suflioient to procjuce lood for s( 
cral, those whose industry is not required in tilla 
ir.ust do somcthmgin return for the food that is provid 
for them. They exchanjje consequently, the acco 
modations for the necessaries of life. Thus the carpt 
ter and the weaver lodge and clothe the peasant, v« 
supplies them with their daily bread. The grea 
stock of provisions, therefore, which the husbandnr 
produces., the greater is the quantity of accommodat 
which the artificer prepares. Such are the happy 
ffcts which naturally result from civilized society, 
would be wiser, therefore, to endeavour to improve 1 
. sUuiitif n of those who are engaged in manuLctures, tl 
to indulge in vain decVvxxftaxvwvS on tlie hardships 
which they '4J:e oUeu ei^^o^td. 
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Biit we must not vet take our Ic2Te if :': e »•' r^: - T 
igriculture ; vc have prcpartd il.f: s-.'.. :: :f^rr..;*>-= •'.: • 
Bow to sow the seed. Inihiscpeu'ior. nt ::.•.?•. Je t-:-- 
ftl not to bury it too deep into the ^p-c-r :. us -'-.t tccc •* 
of air is absolutcif necessary to \:s ge:n.:-.- ivr. ; ::.e 
earth therefore mu^t lie loose -nd 1:^1:: otr l*. 1:2 eric: 
that the air might penetrute. — Htncc :be ->c cf r.c.:jh- 
Jbg and digging, harrowing ar.d rikir.^, k- A cer- 
tsdn degree of heat and moisture, s..:h *» •-5;-a!ly '^kei 
place in the spring, is r.kcwi*e neccsadty. 

Caroline, One would ima^^ine %ou were poing to 
Scribe the decorc position oi an o!:! pLr.!, r^'r.er than 
^formation of a new one ; for you biive eiiU.T.entecI all 
the requisites for fermcntjition. 

Afr*. B, Do you forget, my dctr. ihii :hc young 
plant derives its existence from the dc»trvc-.:on of the 
seed, and that it is actual! v bv the saccliuni.e fermenta- 
uon that the latter is decomposed ? 

Gsro&'nr. True ; I wonder that I did r.ot recollect 
ftat. The temperature and moisture rcjuiicl for ihd 
termination of the seed, is then employed in producing 
the saccharine fermentation wjt!-<in it. 

Mr; B. Certuinly. But, in order to unders-and 
the nature of germination, >ou £hoi:!d Irs itcry-Jiirittd 
Hl.h the different parrs of which tiic seed is corir.o^ed. 
The external covering or cnveirie c^ntaim, \*i..\t\t% 
Ihe germ of the fu'.ure plant, the «v.':i,t.mce which Vi to 
constitute its first ro'.sri^hment ; vrA% su!3^.t..nce, which 
is called the parenchyma^ consi^its ot' fccuh, niuciiagej 
and oil, as we formerly observed. 

The sctd is generally divided i-»*o two ccmpart- 
nents, called lobca or co'iiirdojift^ a^ *S3 cxcn"»pli!icd by 
!l\e !)ean, fP/n^e XI. /'./. 25 J — '.lie d?.v!c coloured 
iind of string which divides the lobcr,, i:i cu'.icd the rcrf- 

PL \TE XI. 
71^. 15. Bean. 

Fig. a6. A B. Cotyledon). C. Envelope. D. Raflicle. 
Fig. 27. A B. Cotyledons. C. Pluniula. 1). Radicle. 

Fig. 28. A B. Cotyledons. C. Plumiila. D. Radicle. 

Fig. 39. A A. Olass bell. B. Bladder rcprcicnting the lungs*- 
2» fiUdder representing the diaphragm, 
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icU, as it farms the root of the plant, and it is from ar. 
contiguous substance called fdiimula^ which is enclosed' 
wi:hin the lobes, that the stem arises. The figure and 
size of the seed depend very much upon the cotyle- 
dons ; these vary in number in different seeds ; *sofD» 
have only one, as wheat, oats, barley, and all the grasses ;. 
some have three, others six. But most seeds, as for 
instance, all the vaiiety of beans, have two cotyledons* 
'When the seed is buried in the earth, at any temperav 
ture above 40^ it imbibes water, which softens and swetll 
the lobes ; it then absorbs oxygen which combines with 
some of its carbone, and is returned in the form of car* 
bonic acid. The loss of carbone increases the compar- 
ative propomion of hydrogen and oxygen in the seed* 
and excites the saccharine fermentation, by which the 
parenchymatoas matter is converted into a kind of sweet, 
emulsion. In this form it is carried into the radicle b)f 
tessels for that purpose ; and in the mean time, thtf^ 
fermentation having caused the seed to bursty the ca^^ 
tyledons are rent asunder, the radicle strikes into th^ 
ground and becomes the root of the plant, and hencc^ 
the fermented liquid is conveyed to the plumula, wlios 
vessels have been previously distended by the heat o 
the fermentation. The plumula being thus swelled, 
it were by the emulsive fluid, raises itself and springs up^ 
to the surface of the earth, bearing with it the cotyle-**' 
dons, which as soon as they come in contact with the ' 
air, spread themselves, and are transformed into leaves. 
If we go into the garden, we shall, probably find some 
seed in that suite which I have described — 

Jimilij. Here are some lupines that are just making 
their appearance above ground. 

Mr^'*, B. We will take up several of them to observe 
their different degrees of progress in vegetation. Here 
is one that has but recently burst its envelope — do you 
?pc the little radicle striking do^vnwards ? (Plate XI. 
/'liC' -C^J In this the plumula is nut yet visible. But 
here is unother in a greater state of forwardness— the 
plunuila, or stem, has risen out of the ground, and the 
cotyledons are converted into seed leaves, (Plate XI. 
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■d'unlike the other leaves which I perceive are just be-- 
gimiiog to appear. 

Mn, B. It b because they retain the remains cf 
ihe parenchyma, with which thct stiil mutiniic to noii- 
liihthe young plant, as it has not yc! biiflii icnt luotti, anil 
ttitng;th to provide for its sustenance fioin the sr>il — 
Bot, in this third lupine, (Piafr XI. />.;'. 2:\.J the m- 
dide had sunk deep into the earth, anrt sent out several 
shoots, each of which is furnished with a mouth to suck 
up nourishment from the soil ; the function of the m i- 
ginal leaves, therefore, being no longer required, they 
•re gradually decaying, and the plumula is become a 
itgular stem, shooting out small branches and spreading 
iti foliage. 

Endly, There seems to be a very sti iking analn^^y 
^tween a seed and an egg ; both rc(|uii-c an rlcvution 
^ temperature to be brought to life ; both at iirbt &up- 
iy with aliment the organized being which they pro- 
duce ; and as soon us this has attained sufiicient strength 
^ procure its own nourishment, the egp^bhell breaks 
irhilst ui the plant the seed-leaves fall olV. 

Miru B. There is certainly some i*escmb!ancc bc- 
Eveen these processes ; and when you Lcconie ac- 
uainted with animal chemistry, you will freq^jcnily be 
Lruck with its analogy to that of the vegetable king- 
f>m. 

As soon as the young plant feeds from the soil, it rc- 
xiires the assistance of leaves, which are the organs by 
rhich the plant throws off its superabundant fluicl ; thig 
ecretion is much more plentiful in the vegetable than 
n the animal creation, and the great extent of surface 
kf the foliage of piants is admirably calculated for car- 
ying it on in suflicient quantities. This transpired* 
luid consist ofliule more than water. The sap, by this 
process, is converted into a liquid of greater con- 
ostencei which is fit to be assimulated to its several 
>arts. 

Jindly, Vegetation, then, .must be essentially injur* 
ed by dcsttoying the leaves of the plant \ 

Mrs, B. Undoubtedly ; it not only diminishes the 
feranspirauciv but aJ&o the abscrotion by l\\^ vq^v^\ Si^x: 
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the quantity of sap absorbed, is always in proportionfo' 
the quantity of fluid thrown off by transpiration. Yoa 
see therefore the necessity that a young pbnt ahoukl 
unfold its leaTes as soon as it begins to derire its doq- 
rishment from the soil ; and accordingly you will find 
that those lupines which have dropped their seed leaves^ 
and are no longer fed by the parenchyma, have spread 
their foliage, in order to perform the office just descri* 
bed. 

^ But I should inform you that this function of trans- 
piration seems to be combined to the upper surface of 
the leaves, whilst on the contrary, the lower surface 
which is more rough and uneven, and furnished with a 
kind of hair or down, is destined to absoib moisture, or 
such other ingredients as the plant derives from the 
atmosphere. 

As soon as a young plant makes its appearance above 
ground, light as well as air becomes necessary to its 
preservation. Light is essential to the developement 
of the colours and to the thriving of the plant. You may 
have often observed what a prcdileciion vegetables have 
for the light. If you make any plants grow in a room, 
they all spread their leaves and extend their branches^ 
towards the windows. 

Caroline, And many plants close up their flowers a» 
fiOon as it is dark 

Emily, But may not this be owing to the cold and 
dampness of the evening air ? 

Mrs. B, That does not api^ear to be the case ; fof 
in a course of curious experiments, made by Mr. Sene- 
bier, ol Geneva, on plants which may be reared by lamp 
light, he found that the flowers closed their petals 
whenever the lamps v/ere extinguished. 

Umiltj, But pray, why is air essential to vegetation i 
plants do not breathe in like animals ? 

Mrs. B. At least not irvthe same manner ; but they 

certainly derive some principles from the atmospheret 

^^^^d yield others to it. »ndeed, it is chiefly owing to 

^^^ action of the atmosphere and the vegetable kingdoni 

^jeach other, and the air continues always flt for res- 

Jfttion. But you w\\\ \kvA^isX3^t\A tUU better when I 
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I have aaid th&t vater forxni the chief iiGiiriii!in 
of pluKs ; it is ihe kn«« no. on-y of the s^p, b-:: of all 
the vegetable juices. W^'c: U ilie vt;:2:ie v:.i:h c^:- 
Hes iiKo the plan: the ^.:iv:« %j,::^ a:.: ocher injrecJi- 
eiits required for the ibnn2'i:»n and ^'j^pon of the veg- 
etable STSiein. Nor is ihi^ aA ; great p^:i of the vr^ier 
itself is decoxnpjsod -ly the origans of the plju-jt ; the hv- 
drogen becomes a cori'i':2:>if'.it pan cf ch, ci c\\:j:U li 
colouring matter, kc. »'r.»!>t j poniou cf the oxy^n 
enters into * he forma'j:)^ of :i:.:iii;'e. cf fccjla. of su- 
gary and of vs^raMe l:W.<. li it ihf: ^eatcr pir: of 
the oxygen, procedin:; f-om l-.t deccrri ^-ii-.i-o:* ci :l.e 
water, is converted into a ;nse'ii!- state 1-y '.i^c c Joric, 
discn^^d fro-n the hw!ro,'tn c' jri.ij i.« cor.(]cnsa:ion 
in the formatian of the te^retu^'.c ui^'.tnA^ In this 
state the oxygen is tr^r.-'pirt ? ty the ie-*.es of plants 
when exposed to tho su<j*s luva. Tl.i.s toj f.-id that 
the deconnposiiion of w^ter. by the or?&r<» of the planiy 
i^not only a means of si!pply:ri;; ii wiih r.s chief i. g:-e- 
dient.^Jiydrcgen, but at the s^rne lifr.t of replerii^i.mg 
the atmosphere with o'^ygen. a principle whicn recriivcs 
continual reno\'ation, to mike u;> l-jr the great cor.> n-n- 
tion of it occasioned by the numerous oxvgc:. . :.s, 
combustions, and respiratiotis. that are coribttiiitty ta- 
king place on the surface of ihe glol>c. 

Emily. Whdt a st! iking ir.*)tL.ncc cf the harmony of 
nature ! 

Mrw. B. And how adTnir&blc the design of Provi- 
denccy who makes e^ery clineient part of i!.c crt-ation 
thus contribute to the support and reno\ation ci each 
other ! 

But the intercourse of the Tegetable and animal king- 
doms through the medium of the atmosphere extends 
still farther. Animais, in breathing, not only consume 
the oxygen of the air, but load it with carbonic acid, 
which, if accumabted in the atmosphere, would, in a 
short time, render it totally unfic for respiration. Here 
the vegetable kingdom again interferes ; it attracts and 
decomposes the carbonic acid, retains the carbone for 
its own purposes, and returns the oxygen for ours. 
This process, however, is only canied ocv C.w\\x\^>5esA 
ife/> and a contrary one scema to lake 5\^c^ iw\\w^>^iftj 
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Hifjrht ; for the leaves then absoib oxygen and emit car* 
bonic acid. The absorption of carbonic acid during the 
diy^ is, however, far from balanced by the quantity 
emitted durinfr the night. 

CaroHne. How interesting tliis is ! I do not know a 
more beautiful illustration of the wisdom which is dis- 
played in the laws of nature. 

Mrs, B, Faint and imperfect as are the ideas whichr 



our limited \xirceptions enable us to form of Divine- 
Wisdom, still they cannot fail to inspire us with awe 
and admiration. What tiicn would be our feelings wer c^ 
the complete system of nature at once displayed 
us ! So magnificent a scene would probably be too gre 
for our limited and imperfect comprehension) and it i 
no doubt, amongst the wise dispensations of Providenc 




to veil the splendour of a glory with which we shoulc 
be overpowered. — But it is well suited to the nature &• 
a rational being to explore, step by step^ the works <k :^ 
the creation ; to endeavour to connect them into bar" — 
monious systems ; and, in a word) to trace, in the chai^ — ^ 
of beings, the kindred ties and benevolent designs whicl^'^ 
unite its various links, and secure its preservation. 

Caroline. 13ut of what nature are these organs o^ f' 
plants which are endued with such wonderful powers ? 

iMrfi. B. They arc so miiuite, that their struct ur^^r 
as well as the moilc in which they perfiprm their fun(^ •* 
tions, {generally elude our examination ; but we ma^^' 
consider them as so many vessels or apparatus apprc» — • 
piiated to perform, T\ith the assistance of the principl^^- 
of lit*;:, certain chemical processes, by means of whictr^ 
these vegetable compounds are generated. We may^^ 
however, tr^ce the tannin, resins, gum, mucilage, anc^ 
some other vegetable materials in the organized arrange "^ 
incnt uf plants, in which they form the bark| the wooJ> ' 
tne leaves, flowers, and seeds. 

Tiic bark is composed of the e/u'dermUj ihe/mren" 
■ /r/nia, and the cortical layers. 

The epidermis is the external covering of the plant. 
It is a til in transparent membrane consistmg of a num- 
ber of slender fibres crossing each ether, and forming f 4 
;i kind of net work. WVv^wof 9. white ^ossy naturci- / ^ 



i»m aerenl tpedes of trees, in the stems of corn and' 
•f seedsy it is composed of a thin coating: uf ulicious 
tarth,. which accounts for the strength and hardness of 
those long and slender stems. Mr. Davj was led to 
the discovery of the silicious nature of the epidermis of 
uch plants* b^ observing the singular phenomenon of 
■parks of fire emitted by the collision of rattan canes 
vitb which two boys were fighting in a dark room.-— 
On analysing the epidermis .of the cane* he found it to 
be almost entirely silicious. 

Caroline, With iron then, a cane I suppose, will 
strike fire very easily ?. 

A&a.. B, I understand that it willd— In everg^ens 
the epidermis is mostly resinous, and in some few 
plants is formed of wax. The resin, from its want of 
^ffiuty for water, tends to preserve the plant from the 
deitrucuve effiecta of violent rains, serere climates, or 
JDclement seasons, to which, this species of vegetables 
is peculiarly exposed.. 

. JSmffy' Resin must preserve wood just- like- a var^ 
aiih, as it is the essential ingredient of varnishes. 

Mrs, B, Yes, and by this means it prevents like^ 
wise all unnecessary expei>diture of moisture. 

The paxiBBchyma is immediately beneath the epider^ 
mis ; it is that green rind which appears when you 
atrip a branch of any tree or shrub of its external coat 
^f bark. The parenchyma is not confined to the stem 
or branches, but extends over every puit of the plant. 
Jt forms the green matter of the leaves, and is com- 
posed of tubes filled with a peculiar juice.^ 

The cortical- layers are immediately in contact with 
the wood ;. they abound with tannin and gallic acid, and 
consist of small, vessels, through which the sap do- 
acends after being elaborated in the leaves. The corti- 
cal layers are annually renewed, the old bark being 
converted into wood. 

Emily. But through what vessels does the sap as- 
cend? 

Mr9. B. That function is performed by the tubes 
of the alburnum or wood, which is immediately lic- 
9eatb thfi conical layers. The wood is comixiscd of 
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ffwdy iibresy tnucilage, and resin. The fibres ar^ ' 
disposed in two ways ; some of them longitudinaUjfY 
and these form what is called the silver grain of the 
ivood. The others, which are concentric, are called 
the spurious grain. These last are disposed in layers^ 
from the number of which the age of the tree may be 
computed, a new one being prodaced annually by the 
conversion of the bark into wood. The oldest, and con^ 
sequently most internal part of the alburnum, is called 
heart-wood ; it appears to be dead, at least no VitaH 
functions are discernible in it. It is through the tubes 
of the living alburnum that thci sap rises. These, 
therefore, spread into the leaves, and there coramum- 
cate with the extremities of the vessels of the cortical 
layers, into which they pour their contents. 

Carolhie, Of what use then are the tubes of the fm* . 
renchyma, since neither the ascending nor descendhig'' 
sap passes through them I 

Mrs, B. They are supposed to petferm the imjidi^ 
tant function of secreting from the sap •the peculiar jui- 
ces from which the plant more immediately dertves kk- 
nourishment. These juices are very conspicuous, as^ 
the vessels which contain them are much larger thaA- 
those through which the sap circulates* The peculiar 
juices of plants differ much in their nature, not only ift 
different species of vegetables, but frequently in differ^ 
ent parts of the same individual plant. They are some* 
times saccharine as in the sugar cane, sometimes resi* 
nous, as in firs and evergreens, sometimes of* a milky 
appearancci as in the laurel. 

Emily. I have often observed, that in breaking a 
young shoet, or in bruising a leaf of laurel) a milky 
jtiice will ooze out in great abundance. 

Mrs. B. And it is by making incissions in the bark, 
that pitch, tar, and turpentine are obtained from fir 
trees. The durability of this species of wood is chiefly 
owing to the resinous nature of its peculiar juices. The 
volalilc oils have in a great measure, the same preser- 
vative effects, as they defsndthe parts with which they 
are connected, from the attack of insects. This tribe 
eccms to iiave as greul m\ vivtttiioti to \jevfumes, as the 



287 

lonm ipecki take delight in them. Thty scarcely 
tuer attack any odoriferous parts of plutits, and it is not 
QDCommon to see every leaf of a iicc dcsiioycd by a 
Ughtf whilst the blossom rtmaiin untouched. Cedar, 
suidelf and all aromatic woods, uic on this account of 
peat durability. 

Mmiy. But the wood of the oak, ivhich is so much 
esteemed for its duralrility has I believe, no smell — — 
Does it derive tliis quality from its hardness alone I 

Mn, B, Not entirely ; for the chcsiiut, though con- 
ftiderably harder and firmer than the oak, is not so 
-lasting. The durability i.f the o.ik is, I bclic\e, in a 
g;reat measure owing to its h<iviri}r very little heart* 
voody the alburnum preserving its \iu;I functions long- 
er than in other trees. 

Caroline. If incibions are mr\dc in*o the nUiMrnum 
and cortical layers, may not ll.c ascci dir.;^ and descend- 
ing sap be procured in the same ni.'UDcr as the pccu« 
liar juice is from the vessels o! cnc piuvnchynu ? 

Mr«. D. Yes ; but in order to ouiaiii specimens of 
tiieae fluids, in any quantity-, the cxpciiinciit must be 
made in the sprinp^, wlien the sap circulates with the 
greatest energy. For this purpose u small bent glass 
tube should be introduced into tl;e incision, through 
ivhich the sap may flow without nii.\in::; \vhh any of the 
other juices of the tree. From the l)ark the sap will 
flow much more plentifully th-'n from the wood, as the 
ascending sap is much more liquid, more abundant* 
and more rapid in its motion than that which descends ; 
for the latter having been drpnved by the opet ation of 
the leaves of a considen*.bIe part of its moisture, con- 
tains a much greater proportion of solid matter which 
retards its motien. It does not appear that there is 
any of descending sap, as none ever exudes' from the 
roots of plants ; this process, therefore, seems to be 
carried on only in proportion to the wants of the plant, 
and the sap descends no further and in no greater quan* 
tity than is required to nourish the several organs. — 
Therefore, though the sap rises and descends in the 
plant, it does not appear to undergo a real circulation. 

The last of tJie organs of plants is the Jfo^rot r CiV ()(»%• 
sc^/v, which produces the fruits and ficcd. * Vcv^i"^^ xca.'^ 



*be considered as the ultimate purpose of nature In lilt 
▼e^^etable creation. From fruits and seeds animals de^ 
rive both a plentiful source of immediate nourishmeiiti 
and an ample provision for the reproduction of the same 
means of subsistence. 

The seedy which forms the final product of mature, 
plants we have already eicamined, as constituting the 
first rudiments of future vegetation. 

These are the principal organs of vegetation, by 
means of which the several chemical processes* which 
are carried on during the life of the plant, are perform- 
ed. 

Emilij. But how are the several principles which 
enter into the composition of vegetables, so combined 
by the organs of the plant as to be converted into vege^ 
.able matter \ 

Mrs. B. By chemical processes, no doubt, but the 
apparatus in which they are performed is so extremely 
minute as completely to elude our examination. We 
can form an opinion, therefore, only by the result of 
these operations. The sap is evidently composed of 
water absorbed by the roots, and holding in solution the 
various principles which it derives from the soil. From 
the roots the sap ascends through the tubes of the al- 
burnum into the stem, and thence branches oiit to every 
extremity of the plant. Together with the sap circu- 
lates a ccrluin quantity of carbonic acid, which is grad* 
ually disengaged from the former by the internal heat 
of the plant. 

Caroline, What I have vegetables a peculiar lieat 
analogous to animal heat ? 

Mrs, B. It is a circumstance that has Iong.been 
suspected ; but late experiments have decided beyond 
a doubt, that vegetable heat is considerably above that 
of unorganized matter in winter, and below it in sum- 
mer. The wood of a tree is alwut 60^ when the ther- 
mometer is 70*^ or 8C)*». And the bark, though so much 
exposed, is seldom below 40 in winter. 

It is from the sap, after it has been elaborated by the 
leaves, that vegetables derive their nourishment ; in 
Us pj'ogrcss through t\\e \A^x\X^ ivo\xv Vtve leaves to the 
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it dep6uti in the wfcnil sets of vessels with 
it commimicatcSf the matcriuls en which the 
I and noarishfnent of each part depends. It is 
At the various peculiar juices, Aacchaiine, oily, 
18, iicid, and colouring, are foiincd; ?s also the 
lolid parts of fecula, woody fibre, tanr/m, resins, 
tte salts: in a word, all the immediate matetials 
;etables, as well as the organized ])ait8 cf plants, 
latter, befcides the power of secreting these from 
p, for the general purpose of the plant, hasc also 
f applying them to their own particular liouii^h* 

!tfy. But why should the process of vegetation 
>lace only at one season of the year, whilst a total 
3n prevails during the other ? 
V. B: Heat is such an important chemical agent, 
ts effect, as such, might perhaps alone account 
le impulse which the spring gives to vegetation. 
In order to explsdn the mechanism of that opera- 
It has been supposed that the warmth of the spring 
s the vessels of plants, and produces a kind of 
im, into which the sap (which had remained in a 
of inaction in the trunk during the winter ") rises ; 
I followed by the ascent of the sap contained in the 
and room is thus made for fresh sap, which the 
in their turn pump up from the soil. This pro- 
goes on till the plant blossoms and bears fruit, 
i terminates its summer career; but when the 
weather sets in, the fibres and vessels contract, the 
} wither, and are no longer able to perform their 
of transpiration ; and, as this secretion stops, the 
cease to absorb sap from the soil. — If the plant 
anpual, its life then terminates ; if not, it remains 
tate of torpid inaction during the winter ; or the 
internal motion that takes place is that of a small 
ity of resinous juice, which slowly rises from the 
into the branches, and enlarges their buds during 
'inter. 

rotiTie, .Yet, in evergreens, vegetation must con- 
throughout the year. 

r«. B. Yes ; but in winter it goes on in a very im- 
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perfect manner, compared to the vegetation of 
snd summer. 

We have dwelt much longer on the history c 
table chemistry than I had intended ; but we 
lengthy I think brought the subject to a conclin 

Caroline, I rather wonder that you. did not: 
the account of the fermentations €br the conclusl 
the decomposition of vegetables naturally folioi 
death, and can iiardly, it seems, be introduced 
much propriety at any other period. 

Mrs, B. It is difficult to determine at wh 
precisely it.may be most eligible to enter on the 
of vegetation; every part of the subject is. so 
connected, and forms such an uninterrupted cha 
it is by no means easy to divide it. Had I begui 
germination of the seed, which, at first view, at 
be the most proper arrangement, I could not h 
plained the nature and fermentation of the seed* 
described the changes which manure must unde 
order to yield the vegetable elements. To und 
the nature of germination, it is necessary, I tiiir 
viou«Iy to decompose the parent plants in order 
come acquainted with the -materials required i 
purpose. I ho[>e, therefore, that. upon. second cc 
ation, you will find that the order which I have i 
though apparently less correct, is in fact the besl 
lated for the elucidation of the subject. 



ConiierjBtatfon xx. 

On the Comfiosition (^f jimmak* 



Mrs. B. 

WE are now come to the last branch of che 
which comprehends the most complicated order c 
pound beings. TV\w \^ Ih^ animal creation, the 
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<f which cannot but excite the highest degree of curi- 
«Htf uid interests though we often fail in atiempting to 
eiplain the laws by which it is governed. 

Mnaly, But since all animals ultimately derive their 
Boarishment from vegetables, the chemistry of this or- 
derof beings must consist merely in the convcision ()f 
vegetable into animal matter f 

Mn. A Very true ; but the manner in \Thich this is 
"efiected is^ in a great measure, concealed froui our ob* 
ttrfation. This process is called animalization^ and is 
psrfbrmed by peculiar organs. The difTercnce of the 
nunal and vegetable kingdoms does not, however, do* 
JfmA merely on a different arrangement of combinations. 
A new principle abounds in the animal kingdom, which 
^ii but rarely and in very small quantities found in veg* 
sfebiM-; this is nitrogen. There is likewise in unimul 
MJwtancea a greater and more constant proportion of 
phosphorle acid^ and other saline matters. But these 
■e net easentia) to the formation of animal matter. 

Caroiuu, Animal compounds contain then four fun- 
ikmental principles, oxygen, hydrogen, carbone, and 
Ktrogen. 

JIfrt. B. Yes ; and these form the immediate mate* 
Abof animals, which are ^r/Ia/iTt^, a/bwnm, vm^fibrine^ 

Emily. Are those all ? I am surprised that animals 
ihmid be composed of fewer kinds of materials than 
vogetables ; for they appear much more complicated in 
their organization » 

Afr». B, Their organization is certainly more per- 
fcet- and intricate, and the ingredients tliat occasionally 
enter into their composition are more numerous. But 
notwithstanding the wonderful variety observable in the 
teKture of the animal organs, we iind that the original 
Compounds, ftt>m which all the varieties of animal mat- 
ter are derived, may be reduced to the three heads just 
»ientioned. Animal substances being the most com 
plicated of all natural compounds, arc most easily sus- 
<:eptible of- decomposition, as the scale of attractions 
incneases in- proportion to the number of constituents. 
Their analyses is, however, both difficult and imper 
iact; for as they cannot be examm^d u\vW\\\\\\ 
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state, and are liable to alteration immediateljr afiti^ 
death, it is probable that, when submitted to the iaves* 
ligation uf a chemist, they are always more or less al-- 
tered in combinations and properties, from what they- 
were whilst they made part of the living animal. 

Emily, The mere diminution of temperature, which 
they experience by the privation of animal heat, niustt. 
I should suppose, be sufficient to derange the order of* 
attractions that existed during life. 

Mra. B. That is one of the causes, no doubt : bot- 
there are many other circumstances which prevent us. 
from studying the nature of living animal substancesi. 
We must therefore, in a considerable degree, confine 
our researches to the phenomena of thcbc compounds, 
in their inanimate state. 

These three kinds of animal matter, gelatine, albu*- 
men, and fibrine, form the basis of all the various parti, 
of the animal system; either solid, as the sbin^Jleihf, 
ncrvca<i membranes^ cartilages^ and bones; or fluids, M. 
blood, chijlcy milk', \\it gastric^ iJid fiancrcatic jmcesj bilCf 
fiersfiiraiion, saliva^ tearSf i5*c. 

Caroline, Is it not surprising that so great a vaiiety. 
of substances, and so different in their nature, should 
yet all arise from so few materials, and from the same.' 
original elements ? 

Mra, B, The difference in the nature of varidu* 
bodies depends, as I have often observed to you, rather 
on their state of combination, than on the materials of \ 
which they are composed. Thus, in considering the ) 
chemical nature of the creation in a general pomt of 
view, we observe that it is throughout composed of a ve- 
ry small number of 'elements. IJut when we divide itin-. 
to the three kingdoms, we find that, in the mineral, the 
combinations t:cem to result from the union of elements 
cnsiially bioiifj^ht together ; whilst in the vegetable and 
animal kingdoms, the attractions are peculiarly and 
regular produced by appropriate organs, whose action 
depends on the vital principle. And we may further 
observe, that by means of certain spontaneous changes 
and decompositions, the elements of one kind of mat- 
ter become subset v\eT\V. Xo xVvt -^to^uoclc^v ^£ i&$votJtieri 
£0 that the three ViiB^dotii^ ^t^ \^\\\x\^v^'^ ^^xv^^^ 



iaJ constantly contributing to the prcscrvration of eactf 
other. 

£mily. There is, however, one very considerable 
class of elements, which seem to be confined to the 
mineral king^m : I mean metals. 

Mn B, Not entirely ; they are found, though in 
rery minute quantities, both in the vegetable und ani- 
mal kingdoms. A small portion of earth and sulphur 
CQters also into the composition of organized bodies. 
Phosphorus, however, is almost entirely confined to the 
mimal kingdom ; and nitrogen, but with few excep- 
tioDS, is extremely scarce in vegetables. 

Let us now proceed to examine the nature of the three 
principal materials of the animal system. 

Gelatine or jelly, is the chief ingredient of skin, and 
of all the membranous parts of animals. It may be ob- 
tained from these substances undo? the forms of glue, 
use, isinglass, and transparent jciiy. 

CaroUnc, But these are of a very difTercnl nature ; 
they cannot therefore be all pure gcLvliuc. 

Mrs, B, Not entirely, but very nearly so. (iluc is 
extracted from the skin of animals. Si^e is f.blaincd 
either from the skin in its natural state, or from leather. 
Isinglass is gelatine procured from a particiil.ir sp«:cies 
of fish ; it^ is, you know, of this substance that the 
finest jelly is made, and this is done by merely dissolv- 
feg the isinglass in boiling water, and allowing the yo- 
luiion to congeal. 

Emily. The wine, lemon, and spices, are, I suppose, 
»ddcd on!y to ibvour the jelly ? 

Mr9. IJ. Exactly so. 

Qaroline. But jelly is often made of hartshorn shav- 
bgs, and of calves' feet ; do these substances contain 
gelatine ? 

Mr*. B. Yes. Gelatine may be obtained from al- 
most any animal substances, as it enters mow or loss 
into the composition of all of ihem. The process of 
dHainmg it is extremely simple, as it consists merely 
in boiling the substance that contains ii with water The 
gelatine dissolves in water and may be obtained of .uiv 
degree of consistence or strength, by cvapor^vinc, S 
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solution. Bones in particular produce it very plenti&I^ 
ly, as they consist of phosphat of lime combined or 
cemented by gelatine. Horns which are a species of 
bone, will yield abundance of gelatine. The horns of. 
the hart are reckoned to produce, gelatine of the ficest 
quality ; they are reduced, to the state of shavings in 
order that the jelly may be more easily extracted by. 
the water. It is of hartshorn shavmgs that the jellies, 
for invalids are usually made, as they are of very easy 
digestion. 

Caroline. It appears singular that hartshonif ^vhicb 
yields such a powerful ingredient as ammonia, should^ 
at the same time produce so mild and insipid a substance 
as jelly ? 

Mrs. B.^ And, what is more surprising, it is from 
the geladne of bones that ammonia is prc^uced. — Yoa, 
must observe, however, that the processes by which 
these two substances are obtained from bones are very, 
different. By the. simple action of water, and heat, the 
gelatine is separated ;. but in order to procure the am-.- 
xnonia, or what is commonly called hartsliorn, the bones 
must be distilled, by. which means the gelatine is de- 
composed, and hydrogen and nitrogen combined in the 
form of ammonia. So that the first operation is a mere 
separation of ingredients, wliilst the second requires a. 
chemical decomposition. 

Careiine. But when jelly is made from hartshorn' 
shavings, what becomes of the phosphat of lime which; 
constitutes the other part of bones I 

Mrs. /?. It is easily separated by straining. But 
the jelly is afterwards more perfectly purified, and ren- 
dered transparent by adding white of egg,, which being, 
coagulated by heat, rises to the surface along with any; 
impurities. 

Enaly. I wonder that bones are not use<l by the com- 
inon people to make jelly ; a great deal of wholesome, 
nourishment might, 1 should suppose, be procured from 
them, though the jelly would perhaps not be quite so 
good as if mf\de from hartshorn shavings ? 

Mrs. B. There is a kind of prejudice among the 
poor against a species o^ luod vYx-aiX \% >asMi.UY thrown, to 
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^dogs; and as vrt cannot, expect them (center into- 
chemical contidcration, it is in some degree excusable* 
Beudes, it req«iires a prodigious quaniity of fuel to dis- 
solve bones and obtain ttie gelatine from them. 

The solution of bones in water is gi*eat!y promoted 
bj an accumulation of heat. This may be effected by 
Bisans of an extremely strong metallic vessel, called 
Fa/iin's digester^ in which the lx)i»cs arid water are cn- 
closedi without any possibility cf the steam making its. 
escape. A heat can thus be applied much supciior to 
that of boiling water ; and bonest by this meaiis, nic 
completely reduced to a pulp. But the process still 
consumes too much fuel to be generally adopted among . 
the lower classes. 

Caroline, And why should not a manufacture be es<« 
tablished for grinding or macerating bones, or at least 
for reducing them to the state of shavings* when I 
suppose they would . dissolve as readily as hartshorn 
shavings ? 

Mra, B, Indeed I see no objection to this plan, if 
the prejudices of the vulgar could l>c overcome; but 
this would be a .difficult matter, for I have even heard 
it objected to Pupin's digester, that by the use uf food 
thus prepared, the fiesh of those feeding upon il would 
become ossified.. 

Caroline, But these prejudiced people might easily 
see that the flesh of doR^s, who feed chiefly on boncb, is 
not ossi&ed. Besides it would not be difficult to con- 
vince them that the real bony matter, the phosphat of 
lime, is deposited and forms no part of the jelly. 

£mily. And. when jelly is made cf isinglass, does it 
leave no sediment ?^ 

A/r«. B. No ;.nor» does it so much require clarify- 
ing, as it consists almost entirely of pure gelatine, and 
any foreign matter that is mixed with it, is tlirown ofiT 
during the boiling in the form of scum. These are 
processes which you may see performed in great per- 
fection in the culinary labratory, by that very and 
xpost useful chemist the cook. 

Caroline. To what an immense variety of purpoii 
chemistry is subservient I 
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£rmly. It appears in that respect, to haT€ an ad^ 
Tantage over most other arts and sciences ; for these' 
very often have a tendency to conBne the imagination 
to their owil particular object, whilst the pursuit of chem-- 
istry is so extensive and diversified, that it inspires a 
general curiosity, and a desire of inquiring into the na*^ 
lure of every object. 

QaroHne. I suppose that soup is likewise composed^ 
of gelatine ; for when cold, it often assumes the con- 
sistence of jelly ? 

Mrs, B. Yes ; all soups contain a quantity of gela* 
tine obtained from nnteat, and dissolved in water. And' 
the various kinds of portable soups consist almost en- 
tirely of concentrated jelly, which, in order to be made 
into soup, requires only to be dissolved in water. 

Gelatine, in its solid state, is a semiductile transpar- 
ent substance, without either taste or smell.-— ^When 
exposed to heat, in contact with air and water, it first 
Bweiis, then fuses, and finally burns. You may have- 
seen the first part of this operation performed in the 
carpenter's glue-pot. 

Caroline. But you said that gelatine had no smell) 
and glue has a very disagreeable one. 

Mrs. B, Glue is not purely gelatine ; but like size,- 
the smell of which is siill more offensive, it retains* 
bome other particles of animal matter. 

Gelatine may be precipitated from its solution in wa-- 
ter by alcohol.— We shall try this experiment with a- 
glass of warm jelly.— -You see that the gelatine subsides^ 
by the union oi the alcohol and the water. — 

Eiruly. How is it, then, that jelly is flavoured with 
wine, without producing any precipitation ? 

Mrs. B, Because the alcohol contained in wine is 
already combined with ^vater and other ingredients, and- 
is therefore not at libeily to act upon the jelly as when- 
in its separate state. Gelatine is soluble both in acids 
and in alkalies ; the former, you know, are frequently- 
used to season jellies. 

Caroline. Among the combinations of gelatine we- 
ynwsi not forget one which you formerly mentioned ;- 
i^J^it \?i:h tannin, to fo\m\e^\Vi^i\\. 

I 
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M^, S, Tnie ; but yoa rnvst obsenre that leather 
oan be prcdoced only by gelatme io a membraneous, 
slate ; for though pure gelatine and tannin will pro- 
duce a substance chemically similar to leathery yet the- 
testure of the skin b requisite to make it answer the 
use&fl purposes of that substance. 

The next animal substance we are to examine is al- 
bumen : tbisy although constituting part of most of the 
ammal compounds, b frequently found insulated ii! the 
animal system ; the white of egg, for instance^ con« 
sbts almost entirely of albumen ; the substance that 
composes the nerves, the serumi or white part of the 
Uoody and the curds of milkf are little else than albu- 
men variously modified. 

In its most simple state, albumen appears in the form 
of a transparent viscious fluid, possessed of no distinct 
taste or smell ; it coagulates at the low temperature of 
165^, and when once solidified, it will never return to 
its fluid state. 

Sulphuric acid and alcohol are each of tlsem capable 
of coagulating albumen in the same manner as heat, as 
I am going to shew you— 

Emily. Exactly so — Pray, Mrs. B. what kind of 
«ctiob is there between albumen and water ? I have 
sometimes observed, that if the spoon iirith which I eat 
an egg happens to be wetted, it becomes tambhed. 

Mr9, B, It is because the white of egg (and indeed: 
albunaen in general) contains a little sulphur, which, at 
the temperature of an egg just boiled, will decompose, 
the drop of water that wets the spoon, and produce sul- 
phurated hydrogen gas, which has the property of tar-, 
nbhing silver. 

We may now proceed to Pibrine. This is an inupid 
and inodorous, substance, having somewhat the appear- 
ance of fine white threads adhering together ; it is the 
essential constituent of muscles or flesh, in which it is 
mixed with and softened by gelatine. It is insoluble . 
both in water and alcohol, but sulpuric acid converts 
it into a substance very analogous to gelatine. 

These are the essential and general ingredients 
vsisiial mutter J but there arc olhev suXi^vaxvc^^^ H'lXi 
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though not peculiar to the animal system, usually ent 
into its composition, such as oils, acids, salts, Sec. 

ji7iimal Oil is the chief constituent of foX ; it is 
taincd in abundance in the cream of milk, whence it i 
obtained in the form of butter. 

Emity. Is animal oil the same in its composidtf^ 
vegetable oils ? 

Mrs, B. Not the same, but very ana1o$(ouf. Th 
chief difference is that animal oil contains nitrogen, 
principle that seldom enters into the composition of v 
getable oils, and never in so large a proportion. 

There are a few animal acids, that is to say^ adds- 
peculiar to animal matter, from which they- are almos 
exclusively obtained. 

The animal acids have triple bases of hydrogen, ca 
bone, and nitrogen. Some of them are found native i 
animal matter ; others are produced during its decom 
position. 

Those that we find ready formed arc : 

The bombic addy which is obtained from silkwornuk 

TUe/brmic acid^ from ants. 

The lactic acidy from the whey of milk. 

The Sebacic from oil or fat. 

Those produced during the decomposhion of ani 
substances by heat, are the firussic and zonic acid 
This last is produced by the roasting of meaty 
gives it a brisk flavour. 

Caroline. The class of animal acids is not very 
tensive. 

Mr*. B. No ; nor are they, generally spealdng, 
of great importance. The prussic acid is, I think, th 
only one sufficiently interesting to require any furth 
comment. It can be formed by an artificial process^::::: 
without the presence of any animal matter ; and it ma;^ 
likewise be obtained from a variety of vegetables, par- 
ticularly those of the narcotic kind, such as poppies, lau— " 
rel, &c. But it is commonly obtained from blood, by"^ 
strongly liCating that substance with caustic potash ^ 
the alkali attracts the acid from the blood, and form^ 
wiih it d^Jirumat of fiotasli. From this state of combi-" 
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inadon theprusdcacidcan.be obtained pure by.meatis 
t}f other substaoces which have the power of separating 
it from the alkali. 

jEmily. . £ut if this .add does not exist ready formed 
in blood, how can the alkali attract it from it ? 

Mrs. B. It is the triple bases only of this acid that 
exists in the blood ; and this is developed and brought 
to the state of acid, during the combustion. The acid 
therefore is first formed^ and it after wardsi combines 
vith the potash. 

Emily, Now I comprehend it. But how can the 
prussic acid be artificially made ? 

Mrs, B, By passing aramoniacal gas over red hot 
charcoal ; and hence we learn that the constituents of 
this acid are hydrogen, nitrogen, and carbone The 
two first are derived from the volatile alkali, the last 
from the combustion of the charcoal 

Caroline. But this docs not accord with the system 
of oxygen being the indispensable principle of acidity I 

Mrs. B. It is true ; and this circumstance, togeth- 
er wicb some others of the same kind, has led several 
chemists to suspect that oxygen may not be the sole 
generator of acids, and that acidity may possibly depend 
raiher on the arrangement tlian on the presence of any 
particular principles. 

Caro&ne. I do not like that idea. Vox if it were 
^Minded, all our theory of chemistry must be erroneous. 

Mr*. B. The objection is yet .so. new and uncon- 
firmed by common experience, that I confess I do not 
feel inclined to distrust the general doctrine of acidifi- 
cation which we have hitherto adopted. But we have 
not yet done whh the prussic acid. It has t strong 
affinity for metailic oxyds, and precipitates the solu- 
tion of iron in acids of a blue colour. This is the Prus- 
sian blue, or prussiat of iron, so much used in the arts, 
and with which I think you must be acquainted. 

Endly, Yes, I am ; it is much used in painting, 
both in oil and in water colours : but it is not reckoned 
a permanent oil colour. 

Mrs, B. That defect arises, I believe, in general, 
from its being badly prepared, which is the case when 
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*the iron is not so fully oxydated as to form a red 6tjf^» 
For a solution of green oxyd of iron (in which .the ^^^ 
metal is more slightly oxydated) makes only a pale 
green, or even a white precipitate* with prus&iat oi 
potash : and this gradually changes to blue by beiDg 
exposed to the air, as I can immediately shew you. 

Caroline, It already begins to assume a paleblc^® 
colour. But how does the air produce this change ? 

Mrs, B, By oxydating the iron more perfectly. S^ 
we pour some nitrous acid on it, the prussian blue c^^' 
lour will be immediately produced, as the acid wL '9^ 
yield lis oxygen to the precipitate, and fully saturate ^^ 
with this principle— as you shall see — 

Caroline, It is very cunous to see a colour chan^^^ 
so instantaneously. 

Mrs, B, Hence you perceive that prussian blu^^^ 
cannot be a permanent coloui unless prepared wi-^'^b 
red oxyd of iron, since by exposure to the almosphe ~^'e 
it gradually darkens, and in a short time is no long<^^^ 
in harmony with the other colours of the painting. 

Caroline. But it can never become darker, by cx[^-^>* 
sure to the atmosphere, than the true prussian blt^-^) 
in which the oxyd is perfectly saturated 1 

Mr a, B, Certainly not. But in painting, the a*^^' 
ist not reckoning upon partial alterations inhiscolouV^ 
gives his blue tints that particular shade which harmo"^' 
izcs With the rest of the picture. If, afterwards tho-^** 
tints become darker, the harmony of the colouring mum ^ 
necessarily be destroyed. 

Caroline. Pray, of what nature is the paint caU^<I 
canning ? 

Airs, B, II is an animal colour, prepared from ^^^ 
ckitieal^ an insect, the infusion of which produces a ves*J 
beautiful red. 

Caroline, Whilst we are on the subject of colours, 

I should like to learn what ivoiy black is ? 

^Ir5. B. It is a carbonaceous substance obtained by 1^^ 

the combustion of ivory. A more common species of f'^^i 

black is obtained from the burning of bone. I ^- 

Caroline. But during the combustion of ivory or* 1^ 

Co 



lMiie« the carbotte I should have imaginiid, must be 
coQverted into carbonic acid gas, instead of this black 
substance ! 

Mra, B, In this, as in most conribustions, a consid- 
erable part of the carbone is simply \0laiili2ed hy the 
Ineat, and again obtained concrete on ccxjling.— This 
oolour, therefore, tnay be called the soot produced by 
-the burning of ivory or bone. 



ContierjEratton xxi. 

On the Anmal Economy, 



Mr9. B. 

Wk have now acquired some idea of the various ma- 
5^iials that compose the animal system ; but if you are 
curious to know in what manner these substances are 
formed by the animal organs, from vegetable, as well 
^a from animal substances, it will be necessary to have 
^me previous knowledge of the nature and funcdons 
^f these organs, without which it is hnpossible to form 
^y distinct idea of the processes of animalization and 
"^utriHon. 

Caro&ne. I do not exactly understand the meaning 
Qf the word animalization ? ^ 

Mrs, B, Animalization is the process by which the 
^bod is assindiatedi that is to say, converted into animal 
Matter ; and nutrition is that by which the food thus 
^^milated is rendered subsei*vient to the put poses of 
Nourishing and maintaining the animal system. 

£tmiy. This, I am sure, must be the most inter- 
bating of all the branches of chemistry. 

OxroUne, So I think; particularly as J expect that 

B b 
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^ve shall hear something of the nature of respiradeo, 
and of the circulation of the blood I 

Mrs, B, These functions undoubtedly occupy a 
most important place in the history of the animal econ- 
omy. But I must previously give you a very short ac- 
count of the principal organs by which the Tarious ope- 
rations of the animal system are performed.—- These 
are: 

The Bonesy 

Blood vessels, 
JLymfihatic vessels, 
Glands, and 
Mrves. 

The bones are the most solid part of the animal frames 
and in a great measure determine its forms and dimen- 
sions. You recollect, I suppose, ^vhat are the ingre- 
dients which enter into their composition I 

Caroline. Yes ; phosphat of lime, cemented by ge- 
latine. 

Mrs. B. During the eavlVest period of animal life 
they consist almost entirely of a gelatinous membrane 
of the form of the bones, but of a loose spongy texture, 
tJie cells or cavities of which are destined to be filled 
"with phosphat of lime ; it is the gradual acquisition of 
this salt which gives to the bones their subsequent hard- 
ness and durability. Infants first receive it from their 
mother's milk, and afterwards derive it from all animal 
and from most vegetable food, especially farinaceous 
substances, such as wheat fiour, which contain it in 
sensiblfe quantities. A portion of the phosphat after the 
bones of the infant have been sufiiciently expanded and 
solidified, is deposited in the teeth, which consist at 
first of only a gelatinous membrane or case, fitted for 
the reception of this salt ; and which, after acquiring 
hardness within the gum, gradually protrude from it. 

Carolifie. How very curious this is : and how inge- 
niously nature has first provided for the solidification of 
such bones as are immediately wanted, and afterwards 
for the formation of the teeth, which would not onlj be 
useless, but deiriiuental in infancy ! 
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Mir: B. Tn quadrupeds the phosphat of lime is de- 
pouted likewise in tlieir homs, and in the hair or wool 
with which they are generally clothed. . 

In birds it serves also to harden the beaks and the 
quilU of their feathers. 

When animals are arrived at a state of maturity, and 
their bones have acquired a sufficient degree of solid- 
kf) the phosphat of lime which is taken with the food 
k seldom aisiniiUted, excepting when the female nour- 
ishes her young ; it is then all secreted into the milki 
as a provision for the tender bones of the nursling. 

£mify. So that whitever l)ecomcs superfluous to 
one being, is immediately wanted by another ; and the 
child acquires strength precisely by the species of nour- 
ishment which is no longer necessary to the mother. 
Natoro is» indeed^ an admirable economist ! 

Caroline. Pray, Mrs. B. does not the disease of the 
bones of child reni called the rickctsj proceed from a 
defidency of phosphat of lime ? 

il/r«. £, I have heard that this disease may arise 
from two causes; it is sometimes occasioned by the 
growth of the muscles being too rapid in pi-oportion to 
that of the bones* In this case the weight of the flesh 
is greater than the bones can support, and presses up- 
on them so as to produce a swelling of the joints which 
is the great indication of the rickets. The other cause 
of this disorder is an imperfect digestion and assimila- 
umi of the food, attended with an excess of acid, which 
counteracts the formation of phosphat of lime. In both 
instances, therefore, care should he taken to alter the 
child'§ diet, not merely by increasing the quantity of 
aliment containirig phosphat of lime, but also by 'avoid- 
ing all food that is apt to turn aoid on the stomach and 
produce indigestion. But the best preservative aguinst 
oomplaints of this kind is, no doubt, good nut sing; 
vrhen a child has plenty of air and exercise, the diges- 
tion and assimilation will be properly performed, no- 
acid will be produced to interrupt these functions, and 
the nfiuscles and bones Mill grow together in just pro- 
portions. 

Caro&nc, I have often heard the rickets attribute! 



bad nursing, but I never could have guessedAvbat coii- 
nection there was between exercise and the formatioii> 
of the bones. . . 

Mrs. B. Exercise is generally beneficial to all the- 
animal functions. If man is destined to labour for his 
subsistence, the bread that he earns is scarcely more 
essential to his health and preservation than the exer- 
tions by which he obtains it. Tiiose whom the gift of. 
fortune have placed above the necessity of bodily laboufy 
are compelled to take exercise in some mode or othert 
and when they cannot conveit it into an amusement} 
they must submit to it as a task, or their health will booDt 
experience the effects of their indolence. 

Emily. That will never be my case : for exercisey 
unless it becomes fatigue, always gives me pleasure;, 
and, so far from being a task, is to me a source of did« 
ly enjoyment. I often think what a blessing it is, that 
exercise which is so conducive to health, should be so 
delightful, whilst fatigue which is rather, hurtful, ia^ 
stead of pleasure occasions painful sensations. So that 
fatigue, no doubt, was intended to moderate our bodily 
exertions, as satiety puts a limit to our appetites ? 

Mrs, B, 'Certainly. — But let us. not deviate too far 
from our subject. The bones are connected together 
by ligaments, which consist of ^ white thick flexible 
substance, adhering to their extremities, so far as to 
secure the joints firmly, though without impeding their 
motion^ And the joints are moreover covered by a 
solid smooth, elastic, white substance, called cartilagcy 
the use of which is to allow, by its smoothness and elas- 
ticity, the bones to slide easily over one another, so that 
the joints may perform their office without difficulty or 
detriment. 

Over the bones the muscles are placed ; they consist 
of bundles of fibres which terminate in a kind of string,, 
or ligament, by which they are fastened to the bones. 
The muscles are the organs of motion ; by their power 
of dilation and contraction they put into action the 
bones, which act as leavers in all the motions of the 
body, and form the solid support of its various parts. 
The muscles are of various degrees of strength oi: con? 



sist^ce in different species of animals. Tlie mammir- 
erous tribe, or those tliat suckle their young, seem in 
this respect to occupy an mtermediate place between 
birds and cold-blooded animals, such as reptiles and 
fishes. 

£mily. The different degrees of firmness and so- 
fidity in the muscles of these several species of ani- 
mals proceed, I imagine, from the different nature of 
the food on wbich they subsist ? 

A/r«. B. No ; that is not supposed to be the case : 
&r the human species^ who are of the mammifcrous 
tribe, live on more substantial food than birds, and yet 
the latter exceed them in muscular strength. — We 
i(hall hereafter attempt to account for this difference ; 
but let us now proceed in the examination of the animal 
&Dctions. 

The next class of organs is that of the vessels of the 
body, the office of which is to convey the various fluids 
throughout the frame. These vessels are innuniera- 
Me. The most considerable of them are those thro' 
which the blood circulates, which are of two kinds : 
the arteriesj which convey it from the heart to the ex- 
tremities of the body, and the veinsj which bring it 
back into the heart. 

Besides these, there arc a numerous set of small 
transparent vessels, destined to absorb and convey dif- 
ferent fluids into the blood ; they are generally called 
the absorbent or lymphatic vessels : but it is to a portion 
of them only that the function of conveying into the 
blood the fluid called lym/i/i is assigned. 

£7ttUy, Pray what is the nature of that fluid ! • 

Mr«. B. The nature and use of the lymph have, I 
believe, never been perfectly ascertained ; but it is sup- 
posed to consist of matter that has been previously an- 
hnalized, and which, after answering the purpose for 
which it was intended, must in regular rotation make 
way for the fresh supplies produced by nourishment. 
Tlie lymphatic vessels pump up this fluid from every 
part- of the system, and convey it into the veins to be 
mixed with the blood which runs thvovA^Vv vVvq.isv^ "«n\^ 
which JB^commonly caiicd venous b\ooOl« 

Bba- 
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Caroline. But does it not again enter into the ammal 
system through that channel ? 

Mrs, B. Not entirely ; for the venous blood does 
not return into the circulation until it has undergooe.a 
peculiar change) in which it throws off whatever 15 be- 
come useless. 

Another set of absorbent vessels pump up the cht^lt 
from the stomach and intestines, and convey it» after 
many circumvolutions^ into the great vein near the 
heart. 

Emily, Pray what is chyle ? 

Mr8. B. It it is the substance into which food is coor 
verted by digestion. 

Caroline. One set of the absorbent vessels, tbent 
is employed in bringing away 'the old matenalsthat 
are no longer fit for use ; whilst the other set is busy 
in conveying into the blood the new materials that are. 
to replace them. 

£mily. What a great variety of ingredients must 
enter into the composition of the blood ! 

Mrs. B. You must observe, that there is alio a great 
variety of substances to be secreted from it. We may 
compare the blood to a general recepticle or store- 
|u)use for all kinds of commodities which are afterwards 
fashioned, arranged, and disposed of as circumstaoces. 
require. 

There is another set of absorbent vessels in female 
which is destined to secrete milk for the nourisliroeut 
of the young 

Emily. Pray is not milk very analogous in its corn' 
position to blood ; for, since the nursling derives its 
nourishment from that soiu-ce only, it must contain eve- 
ry principle which the animal system requires ? 

Mrs. B. Very true. Milk is found, by its analysisj 
to contain all the principal materials of animal matter, 
gelatine, albumen, oil, and phosphat of lime.; so that 
the sickling has but little trouble to digest and assiffli* 
late this nourishment. But we shall examine the com- 
position of milk more fully, afterwards. 

any parts of the bodjr numbers of small vessels 



5or 

are collected together in little bundles called glands^ 
from a Latin word meaning acom^ on account of the 
resemblance which some of them bear in shape to th^t 
fruit. The function of the glands is to accrete^ or sep- 
arate certain matters from the blood. 

The secretions are not only mechanical, but chem- 
ical separations from the blood ; for the substances thus 
-formed, though contained in the blood, are not ready 
combined in that fluid. The secretions are of two 
kinds, those which form peculiar animal fluids, as bile, 
tears, saliva. See. and those which produce the general 
materials of the animal system, for the purpose of re- 
cruiting and nourishing the several organs of the body ; . 
such as albumen, gelatine, and flbrine ; the latter may 
be distinguished by the name of nutritive afcretiona, 

Caroline. I am quite astonislied to hear that all the - 
secretions should be derived from the blood. 

Emily, I thought that the bile was produced by the 
liver ? 

Mrs, B, So it is ; but the liver is nothing more than • 
a very large gland, which secretes the bile from the 
blood. 

The last of the animal organs which we have men- 
tioned are the nerves ; these are the vehicles of sensa- 
tion, every other part of the body being, of itself tuially - 
iosensible. 

Caroline, They must then be spread throughout eve- 
ry part of the fcame, for we arc every where susceptible • 
of feeling.: 

Emily, Excepting the nails and hair. 

Mrs. B, And those are almost the only parts in ) 
which nerves cannot be discovered. The common 
source of all the nerves is the brain ; thence they de- 
scend, some of them through diflerent holes ot the - 
skull, but the greatest part through the back bone, and - 
extend themselves by inumerable ramiflcations through- 
out the . whole body. They spread ihemsclves over 
the muscles, penetrate the gland, wind rouifd the vas- 
culai* system, and even pierce into the interior of the. 
bones. It is most probably through them that the c^*^ 
xfiLUoication is carried on between the mind and tl\< 
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er patis of the body ; but in what maimer they are act^ 
ed upon by the mind, and made to re-act on the body,, 
is still a profound secret. Many hypothesis have been 
formed on this very obscure subject, but they are all 
equally improbable, and it would be useless for us to 
waste our time in conjectures on an inquiry which in 
all probalMlity, is beyond the reach of human capacity. 

CaroUne, But you have not mentioned . those pa^ 
ticular nerves that form the senses of hearing} seeingi 
smelling, and tasting & 

Mtm, B. They are considered as being of the same * 
nature as those which are dispersed over every part, of 
the body, and constitute the general sense of feeling. - 
The different sensations which they produce arise from 
their peculiar situation and connection with the several' 
organs of taste, smell, and hearing. 

Jinnly. But these senses appear totally different from • 
that of feeling ? 

Mrs, B, I'hey are, all of them sensations, but var-- 
iously modified according to the nature of the different 
organs in which the nerves are situated. For, as we 
have formerly observed, it is by contact only tliat the 
nerves are affected. Thus odoriferous particles must 
strike upon the nerves of the nose in order to excite 
the sense of smelling, in the same manner that taste 
is produced by the particular substance coming in con- 
tact with the nerves of the palate. It is thus also that 
the sensation of sound is produced by the concussion of 
the air s.i iking against the auditory nerve ; and sight 
is the effect of the light falling upon the optic nerve. 
These various senses, therefore, are affected only by 
tlie actual contact of particles of matter, in the same 
manner as that of feeling. 

The different organs of the animal body, though ea- 
sily separable and perfectly distinct, are loosely con- 
nected together by a kind of spongy substance, in tex- 
ture somewhat resembling net- work, called the cellu- 
lar membrane ; and the whole is covered by the skin. 

The hkiriy as well as the bark of vegetables^ is form- 
ed of three coats. The external one is called the cuH* 
^^f-' or r/ii dermis ; the secoM, vi\vvc\\ \^ caWtd \.V\e rnu- 
^'<^us membrane^ is of a lYon ^oiX V^^X>aki^^ wA^ti"s«»\& ^ 
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ft- nracous substance, wluch in negroes is bbcki and^^ 
the cause of their slun appearing of that cokHir. 

Caro&ne. Is then the extemid skin of negroes while 
like ours? 

M^. B. Yes ; but as the cuticle is transparent, as 
well as poms, the blackness of the mucous membrane 
is id^ble through it. The extremities of the nerves am 
spread over the skin, so that the sensation of feeling is 
transmitted through the cuticle. The internal cover* 
ing of the muscl^ which ib properly the skin, is the 
thickest, the toughest, and most resisting of the whc^ 
—it is this membrane that is so essential in the arts, hj 
Ibrming leather when combined with tannin. 

The skin which covers the animal body, as well at 
those membranes that form the coats of the vessels, con- 
sist almost exclusively of gelatine ; and are capable of 
being converted into glue, size, or jelly. 

The cavities between the muscles tind the skin are 
usually filled with fat, which lodges in the cells of the 
membraneous net before mentioned, and gives to the ex- 
jtemal form (especially in the human figure) that round- 
ness, smoothness, and softness, s6 essential to beauty. 

£mily. And the skin itself is, I think, a very orna- 
mental part of the human frame, both from the fineness 
e£ its texture, and the variety and delicacy of its tints. 

Mr9, B, This variety and harmonious gradation of/ 
colours, proceed, not so much fronn the skin itself, as 
from the internal organs which transmit their several 
colours through it, these being only softened and blend- 
ed by the colour of the skin^ which is uniformly of a . 
yellowish, white. 

Thus modified, the darkness of the veins appears of 
a. pale blue colour, and the floridness of the arteries is 
changed to a delicate pink. In the most transparent 
p^rts, the skin exhibits the bloom of the rose, whilst 
where it is more opaque its own colour predominates ; 
and at the joints where the bones ave most prominent^, 
the whiteness is often cUscemable. In a word, every 
gart of the human frame seems to contribute to its ex- 
ternal grace ; and this not merely by producing a 
^easing variety of tints, but by a pecuVvw V\\\^ ^Wi^'Wi 
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ty which belongs to each individual part. Thus it is t^ 
the solidity and arrangement of the bones that the hu- 
man figure owes the grandeur of its stature, and its 
firm and dignified deportment. The muscles delineate 
the form, and stamp it with energy and grace ; and the 
soft substance which is spread over them smooths tbeir 
ruggedness, and gives to the contours the gentle un- 
dulations of the line of beauty. Every organ of sense 
.is a peculiar and separate ornament ; and the Mnt 
which polishes the surface and gives it that charm oi- 
colouring so inimitably by art, finally oonspires to ren- 
der the whole the fairest work of the creation. 

But now that we have seen in what maimer the am* 
mal frame is formed, let us observe how it provides^ 
for its support, and how the several organs^ which 
form so complete a whole, are nourished and maintaio- 
ed. 

This will lead us to a more particular explanation of 

the internal organs : here we shall not meet with m> 

much apparent beauty, because these parts were not 

■intended by nature to be exhibited to view ; but the 

.beauty of design, in' the internal organizaticm of the ani* 

. mal frame, is, if possible, still more striking than that ot 

the external part. 

We shall defer tliis subject until our next interviei^ 
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Conftewation xxn- 

^On AntmaUzation^ Mttrition^ and Rcsfiiration. 



Mrs, B. 

Wk have now learnt of what materials the animal 
^system is composed, and have formed some idea of 
the nature of its organization. In order to complete the 
-aubjecty it remains for us to examine in what manner it 
is nourished and supported. 

Vegetables we have observed, obtain their nourish- 
ment from various substances, either in their elementa* 
ly state> or in a very simple state of combination ; 
as carbone, water, and salts, which they pump up from 
the soil ; and carbonic acid and oxygen, which they 
4ibsorb from the atmosphere. 

Animals, on the contrary, feed on substances of the 
most complicated kind ; for they derive their suste- 
nance^ some from the animal creation, others from the 
Teg:e^ble kingdom, and some from both. 

QaroUne, And there is one species of animals, 
which, not satisfied with enjoying either kind of food in 
its simple state, has invented the art of combining 
them together in a thousand ways, and of rendering 
even the mineral kingdom subservient to their refine- 
ments. 

Endly. Nor is this all ; for our delicacies are collec- 
ted irom the various climates of the earth, so that the 
four quarters of the globe are often obliged to contribute 
to the preparation of our simplest dishes. 
' Caroline, But the very complicated stibstances which 
constitute the nourishment of animals, do not, I suppose, 
enter into their system in their actual state of combina- 
tion. 

Mrs. B. So ftr from it, that they not only undergj^ 
• new arrangement of their parts, but. «^ ^^kcXvcKvi 
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maaide of such as are inost proper for the nourishment A 
'the body, and those only enter into the system and arfe 
ani mall zed. 

Emily, And by what organs is this process perform- 
ed ? 

Mrs, B. Chiefly by the stomach, which is the or- 
gan of the digestion, and the prime regulator of the ani- 
mal frame. 

Digestion is the first step towards nutrition. It con- 
sists in reducing into one homogenous mass the vari- , 
ous substances that are taken as nourishment ; it is per- 
formed by first chewipg and mixing the solid aliment 
with the saliva, which reduces it to a soft mass, in which 
state it is conveyed into the stomach, where it is more 
completely dissolved by the gastric juice, ^ 

This fluid (which is secreted into the stomach by ap- 
propriate glands) is so powerful a solvent that scarcely 
any substance will resist its action 

Emily, The coats of the stomach however cannot be 
attacked by it, otherwise we should be in danger of hav- 
ing them deslroyed when the stomach was empny. 

Mrs. B, They are probably not subject to its ac- 
tion ; as long at least as life continues. But it appears^ 
that when the gastric juice ^has no foreign substances to 
act upon, it is capable of occasioning a degree of irrita- 
tion in the coats of the stomach, which produces the sen- 
sation of hunger. The gastric juice togetheY with the 
heat and muscular action of the stomach, converts the 
aliment into a nnirorro pulpy mass called chyme. This 
passes into the iiiteslines, where it meets with the bile 
and some other fluids, by the agency of which, and by 
the operation of other causes hitherto unknown, the 
chyme is changed into chyle, a much thinner substancCf 
somewhat resembling milk, which is pumped out by 
immense numbers of small absorbent vessels spread'bver 
the internal surface of the intestines. These, after ma- 
ny circumvolutions, gradually meet and unite into large 
branches, till they at length collect the chyle into one 
vessel, which pours its contents into the great vein nea^ 
the heart, by which means the foodj thus prepared en- 
into tiie circu\aUoii% • 



313 

Caroline. But I do not yet clearly understand how 
the blood, thus fornoed, nourishes the body and supplies 
all the secretions. 

Afr«. B. Before this can Ije explained to you, you 
must first allow me to complete the formation of the 
^lood. The chyle may indeed be considered as form- 
ing the chief ingredient of blood ; but this fluid is not 
perfect until it has passed through the lungs, and un- 
dergone (together with the blood which has ah eady cir- 
culated) certain necessary changes that are effected by 

RKSH&ATlOSf. 

Caroline. I am very glad that you are going to ex- 
plain the nature of respiration : I have often longed to 
understand it, for though we talk incessantly of breath- 
ing, I never knew precisely what purpose it answered* 
Mrs. B. It is indeed one of the most interesting 
processes imaginable ; but ill order to understand this 
function well, it will be necessary to enter into some 
previous explanations. Tell me, Emily, what do you 
understand by respiration ? 

Endly. Respiration, I conceive, consists simply in 
alternately insfiiring air into the lungs, and expiring it 
from them. 

Mrs. B. Your answer will do very well as a gener* 
all definition. But, in order to form a tolerably clear 
notion of the various phenomena of respiration, there 
•are many circumstances to be taken into consideration. 

In the first place, there are two things to be distin- 
{^shed in respiration, the mechanical and the chemical 
ypart of the process. 

The mechanism of breathing depends on the alter- 
nate expansions and contractions of the chest in which 
■the lungs are contained. When the chest dilates the 
cavity is enlarged, and the air nishes in at the mouthi 
to fill up the vacuum formed by this dilatation ; when 
it contracts, the cavity is diminished^ and the air for- 
•ced out again. 

Caroline. I thought that it was the lungs that con- 
tracted and expanded in breathing ? 

Mrs. B. They do likewise ; but their action is on- 
4y the consequence of that of the clwsU TVv^ Voxvs^ 

C c 
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together uiih the heart and the largest blood vessels 
in a manner fill up the cavity of the chest ; they could 
Hot, therefore, dilate if the chest did not immediately ex- 
pand ; and,* on the other hand, when the chest con- 
tracts, it compresses the lungs and forces the m out 
of them. 

Caroline, The lungs, then, are like bellows^ and 
the chest is the power that works them. 

Mra. B. Precisely so. Here is a curious little fi- 
guTe fPlate XL jFig 29 J^ that will asdst me in ezplain- 
iiTg the mechanism of breathing. 

CaroHne. What a droll figure ! a little head fixed 
upon a glass bell, with a bladder tied over the bottom 
of it ! 

Mra. B. You must observe that there is another 
bladder within the glass, the neck of which communi- 
cates with the mouth of the figure — this represents the 
lungs contained within the chest ; the other bladderi 
which you see is tied loose, represents a muscular 
membrane, called the diafihragm^ which separates the 
chest from the lower part of the body. By the chesCi 
therefore, I mean that large cavity, in the upper part 
of the body contained within the ribs, the neck, and 
the diaphragm ; this membrane i* muscular and capa- 
ble of contraction and dilation. The contraction may 
be imitated by drawing the bladder tight over the bot- 
tom of the receiver, when the air, in the bladder which 
represents the lungs, will be forced out through the 
mouth of the figure — 

Emily. See Caroline, how it blows the flame of the 
candle in breathing ! 

Mrs. B. By letting the bladder loose again, we 
imitate the dilatation of the diaphragm, and the cavity 
of the chest being enlar^d, the lungs expand, and the 
air rushes in to fill them. 

Emily. This figure, I think, gives a very clear idea 
of the process of breathing. 

Mrs. B. It illustrates tolerably well the action of 
the lungs and diaphragm ; but those are not the only 
powers that are conceited in enlarging or diminishing 
the cavity of the chest ; the ribs are also possessed of 
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a. muscular motion for the same purpose ; they are cl- 
teniately drawn in edgeways to assist the contraciinn, 
and stretched out, like the hoops of a barrel, to con- 
tribute to the dilatation of the chest. 

£mUy. I always supposed that the elevation anot 
depression of the ribs were the cousequencei not the 
cause, of breathing. 

Mra, B. It is exactly the reverse. The muscular 
action of the diaphragm, together with that of the ribs, 
arc the eauaea of the contraction and expansion of the 
chest; and the air rushing into, and being expelled 
irom the lungs, are only consequences of those actions. 

QaroUne. I confess that I thought the act of breath- 
ing began by opening the mouth for the air to rush in^ 
and that it was the air alone, which, by alternately 
rushing in and cut, occasioned the dilatations and con- 
tractions of the lungs and chest. 

Mb. B. Try the experiment of merely opening 
your mouth ; the air will not rush in, till by an interior 
muscular action you produce a vacuum — yes, just so, 
your diaphragm is now dilated, and the ribs expanded. 
But you will not be able to keep them long in that state. 
Your lungs and chest are already resuming their former 
state, and expelling the air with which they had just- 
been filled. This mechanism goes on more or less 
rapidly, but in general, a person at rest and in health 
^11 breathe between fifteen and twenty- five times in a 
minute. 

We may now proceed to the chemical effects of res- 
piration ; but, for this purpose, it is necessary that you 
diould previously have some notion of the circulation of 
the blood. Tell me, Caroline, what do you under* 
stand by the circulation of the blood ? 

Caroline. I am delighted that you come to tliat sub- 
ject, for it is one that has lon;^ excited my curiosity,^- 
But I cannot conceive how it is connected with respira- 
tion. The idea I have of the circulation is, that the 
blood runs from the heart through the veins all over ^^c^^^ 
body, and back again to the heart. Jr^^ 

Mra, B; I could hardly have expected a better ^im 
finitioi) from you ; it is, however, liol c\v\\v^ cq>t«^ 
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• 
for you do not distinguish the arteries fjom the votim, 

"which, as we have already observed, are two distinct 
sets of vessels, each having its own particular functions. 
The arteries convey the blood fiom the heart to the ex- 
tremities of the body ; and the veins bring it back to the 
heart. 

This sketch will gire you an idea of the manner in 
ivhich some of the principal veins and arteries of the 
human body branch out of the heart, which may be 
considered as a common centre to both sets of vessels. 
The heart is a kind of strong elastic bag, or muscular 
cavity, which possesses a power of dilating and con- 
tracting itself, for the purpose of alternately receiving 
and expelling the blood, in order to carry on the pro- 
cess of circulation. 

Emily, Why are the arteries in this drawing paint- 
ed red, and the veins purple I 

Mr«. B. It is to point out the difference of the co- 
lour of the blood in these two sets of vessels. 

Caroline. But if it is the same blood that flows froxh 
the arteries into the veins, how can its colour be chan- 
ged ? 

Mrs, B. This change arises from various circum- 
stances. In the first place, during its passage through 
the arteries, the blood undergoes a considerable alter- 
ation, some of its constituent parts being gradually se- 
parated from it for the purpose of nourishing the body, 
and of supplying the vaiious secretions. The conse- 
quence of this is, that the (lurid arteriU colour of the 
blood changes by degrees to a deep purple, which is 
its constant colour in the veins. On the other hand, 
the blood is recriiitcd during its return through the 
veins by the fresh chyle, or imperfect blood, which 
has been produced by food ; and it receives also lymph 
from the absorbent vessels, as we have before mention- 
ed. In consequence of these several changes, the 
blood returns to the heart in a state very diflerent from 
that in which it left it. It is loaded with a greater pro- 
portion of hydrogen and carbone, and is no longer 
fit for the nourishment of the body or other purposes of 
circulation. 
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Mm&f. And ia this lOf'jt ^pn ii aciz ia i!ie iK^r:^ 
irith tbeiMire fland lAnd tfaK roas iaeo the vtefin? 

JilSv. ^. So. Tbe bctfi » £«ic3ed ioco ivo misies or 
compitftitkoi- aDed :br r-r&z aod 2^ -resunrin. The 
left f en tricle k the reecfidde £r the pure uteral 
blood pi ei io a s to ki drcohcn ; wbihx the vvaoiB. or 
i m pur e blood, vhkh reovta to the hean aiier henog 
circuhaedy b recetred btjo the rigfat Teoencfei pref iow 
to Its pniificatiaBi which I shall proeotlf exptua. 



amie blood drcolated agaio and agsdn throagh the bo- 
df, withoQt ODdergoijig aoj change. 

iMr«. B. Yet joo nniA hare soppoacd that the 
blood circohtcd Cdt some perpose I 

CareBae. I knew that it was in&peiksable to life, 
but had DO idea of its real foDctioDs. 

Mrt. B. But DOW that yooundentaod that the blood 
oomrefs Doambmeot to erery pan of the body, and 
supplies the Tarious secretioBs, you must be sensible 
that It cannot constantly answer these objects without 
being renovated and purified. 

Caroline. But does not the chyle answer thia pur- 
pose ? 

MrMi B. Only in part. It renovates the nutritive 
prindples of the blood, but does not relieve it from the 
snperabundance of hjdrogen and carbcne with which. 
il IS incumbered. 

EmUy. How then is this efiected ? 

3/r«.. B. By Respiratiox. This is one of the 
grand mysteries which modem chemistry has disclos- 
ed. When the venous blood enters the left ventricle 
of the heart, it contracts by its muscular power, and 
throws the blood through a large vessel into the lungs, 
which are contiguous, and through which it circulates 
by millions of small ramifications. Here it comes in 
i contact with the air whkh we breathe. The action of 
I the air on the blood in the lungs is indeed concealed 
I from our immediate observatbn ; but we are able tc 
\ farm a tolerably accurate judgement of it from the chan- 
ges which it effects not only in the blood, bwl ^V» « 
Ji» tar expired 
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Till* ai! ifc fount iL nmtair a;', iht niiro^^n infpaTrr. 
Du: tti iiavt ios". par. u: iib rxygen- and lo have Bcqui- 
red fa poriiori of watery vapou: . Hence h k iDicntd. 
Uia: V. uci: lue ai! cuniCB in caniaa vi'.fc the veoocs 
uiooc. ir liit lung's, ilie o::yEren aiu^cis from ii ibe su- 
{leraumician: quantity of hvdrogen and carbnoe «k*i 
vni::ij i: hat iniprepnated iiself during tlic drcuiaiioo ; 
anc. lii;;: ont ]}a!: of thai o3:yet;r. cciiDbiDt«> ixilhttehT- 
GT'og'sii. iii :ut fo-m of waiPTy vapour. ^iiilA smuber 
par: combiiiefc w i:i:. the car-jona. v inch ii converts into 
caruonic ar.i;.. Tiit vii:;it of ihese prodwas bting 
tiiei. cxjii"('d. iiic i»lr»rid ij» T-esi-'retl lo its foriuer puriiy. 
ma: i^ i: ihe siatc of ar:? Tial blood, and is ihus £g£in 
CTihbicL ic ptvinvH; itv va"if>ui funciions. 

Cc.liiir. Tiiii' it- :!'u y wonderful 1 Of all ihal vc 
:.E'"t yt: ica'^iLv... 1 dt no: recoiiec! any thing ibai has 
: ppearec tr- me so curious a:id iutcresULq:. I aJtccst 
wilit'vt *Li»:i: 1 •should likt to study anatomy per, ihoeg^ 
] iit^c i.i.UsViO had so dispusiirjj an idea of iL Pray. 
*.. viiix l:t vvc indeb.cd foi ihese beauiild discorer* 
Hi ": 

-Vv. Z?. C'liV-ior''.. in 'his country^ ard Lavcisifr. 
-' T'-LTi:*-. :.!£ :hf p:-i:icipj irvcniors €if the thenrr cf 
- •- i^: -Ti^'rsr:. Bu: :rit siii-i rriore impuilant and HiOie ad- 
i:..:;.L'.t ciiscc'.ety of ilie circu^Liion of ibe blood **• 
iT^^Lt '.r^r.;: bti'ire bv our inrimoilal counlrrman, Hervcy. 

-£L •-::.■... Ir.dted I never heard any thing that re- 
il^'Lttc TTiC so much as this theory of re5[Mraiicn. Bui 
I b::pe. Mrs. B. that you will enter a hiilc rooie into 
;...r:icuLr5) before you dismiris so interesting a subject. 
Wt Jtfi the biood in :he lunirs to undci^a the saluiait 
th*rg;e. 13 ji Low dc-es it ihesce spread to all ihe i»rt$ 
'-i I he bo'v ? 

Mrs. Ii. After circr.laiirg through Ihc 1uDgs« ihc 
hicoc. 15 coilccied iLto four brge vessels, by which il 
i •- conv-yed into the left ventricle of t!ie heart, whence 
i: \% propelled to all the di-Tcrent parts of the body by a 
i.!^;c artery ^rhich gradually ramifies into millions of 
Miuxll arteries through the whole frame. Tiom the ex- 
».»cmilies of these Vkvle VAmitlcations the blood is traas- 
''titled lo iVic \ewiSj NN\\\r:\v VA^*^ \\\»^Oiw\^^i^^\ijw^ 
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tnd hingB, to go round and round again in the manner 
we have just described. You see therefore i that the 
blood actually undergoes two circulations; the one, 
through the lungs, by which it is convened into pure 
arterial blood ; the other, or general circulation, by 
which nourishment is conveyed to every part of the bo- 
dy ; and these are both equally iodispensible to the sup- 
port of animal life 

Caroline, Do we expire all the air that we inspire, 
besides the addidon of hydrogen and carbone which are 
taken up from the bl6od I 

Mr«. B. Yes, excepting small portions of the ox- 
ygen, and of the nitrogen, which, as they do not reap- 
pear, are supposed to be absorbed by the blood for 
some purposes which have not yet been clearly ascer- 
tained. The general opinion, however, vvhh regard 
to oxygen, is, that it serves to stimulate the heart and 
keep up its muscular action. As to the nitrogen, it was 
supposed to be expired from the lungs, without any 
change or diminution. But it was proved a few years 
ago, by some of Mr. Davy's experiments, which b.i\ e 
heen since confirmed by those of Professor Plaffof Kiel, 
that a small quantity of nitrogen disappears in respira- 
tion, and combines with the system in a manner which 
is not yet well understood. 

MmUy But whence proceeds the hydrogen and car- 
bone with which the blood is impregnated when it comes 
into the lungs ? 

Mrs. B, Both hydrogen and cafbone exist in a great- 
er proportion in blood than in organized animal matter. 

The blood, therefore, after supplying its various se- 
cretions, becomes loaded with an excess of these princi- 
ples, which is carried off by respiration. But, besides 
this, tbe formation of a new chyle affords a constant sup- 
ply of carbone and hydrogen. 

Qarolitie. Pray, how does the air come in contact 
^lith the blood in the lungs ? 

Mra, B, 1 cannot answer this question witho"* en- 
tering into an explanation of the nature and i 
of the lungs. You recollect that the venous 
bejo^ expelled from the right \eiiU\cVt) « 
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lungs- to go through what we majr call the lesser cifcii- 
latioo ; tlie large trunk or vessel that conveys ii» brm* 
ches out, at its entnuK:e into the lungs, into an infinite 
number of very fine ramificatioos.^The windpipei 
which convejs the air from the mouth into the lungs, - 
likewise sprnds out into a corresponding number of- air 
vessels, which folk>w the same course as the bkx)d ve8« 
sels» forming millions of very minute air cellsw— Theae 
two setts of vessels are so interwoven as to form a sort of 
net- work, connected into a kind of spongy mass, in which 
cTery particle of the blood must necessarily come in • 
contact with a particle of air. 

CaroHne. But since the blood and the air are con- 
tained in di£Gerent vessels, how can they come into con- 
tact ? 

j^In, B, They act on each other through the mem* 
brane which forms the coats of these vessels ; for al« 
though this membrane prevents the blood and the m 
from mixing together in the lungs, yet it is no impedi^ 
ment to their chemical action on each other. 

Jimily, Are the lungs composed entirely of blood 
vessels and air vessels ? 

Mrs. B, I believe they are with the addition only of 
nerves and of a small quantity of the cellular substance 
before mentioned, which connects the whole intoan uni<* 
form mass. 

Emily. Pray, why are the lungs always spoken of in 
the plural number ? Is there more than one I 

M r«. B, Yes ; for though they form but one organ, 
they really consist of two compartments called lobe^^ 
which are enclosed in separate membranes or bags, 
each occupying one side of the chest, and being in close 
contact with each other, but without communicating 
together. This is a beautiful provision of nature in con- 
sequence of which, if one of the lobes be wounded, the 
other performs the whole process of respiration till the 
first is healed. 

But, before we proceed further, I must inform you 
that the chemical theory 4>f resfnration, with which 
> ou just have been made acquainted, simple and beau- 
*''^'' as it is, has appeared Voia^xi^ \\\A<QWi^Vit&%\^^ 

I 
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ficient to explain all the phenomena of respiration. A« 
mongst the various modifications proposed with a view 
to improve this theory, that su);gcsted by La Grange, 
Ilassenfimz, and some other eminent chemists, appears 
to be tlie most important. These philosophers suppose 
the oxygen, which disappears in respiration, is absorbed 
by the blood, and carried with it into the circulaiioo, du- 
zing which it gradually combines with tlie hydrogen and 
carbone that are successively added to the circulaiioo* 
forming tlie water and carbonic acid which are expelled 
fEX)m the lungs at each expiration. Thus the process, 
instead of being completed in the lungs, as the former 
theory supposes, only begins in that organ, and contin- 
ues throughout the circulation. 

According to this theory, the florid colour of arterial 
blood depends upon the addition of oxygen, so that this 
colour gradually vanishes as the blood passes from the 
arterial to. the venous statci that is to say, as the oxygen 
enters into combination with the hydrogen and carbone 
during circulation. 

QaroHne. There docs not appear to me to be any 
very essential difference in these two theories, since in 
both the oxygen purilics the blood by combining with 
and carrying off the matter which had accumulated in it 
during circulation. 

Mra. B. Yes ; but in medical, or rather phisiologl- 
cal science, it must he a question of great impoitance, 
-whether the oxygen actually enters the circulation^ or 
whether it proceeds no further than the lungs. 

The blood thus completed, forms the most complex 
of all animal compounds, since it contains not only the 
numerous materials necessary to form the various secre- 
tions, as saliva, tears, Sec. but likewise all those that are 
required to nourish the several parts of the frame, as the 
muscles^ bones, nerves, glands, &cc. 

Emily, There seems to be a singular analogy be- 
tween the blood of animals, and the sap of vegetables ; 
for each of these fluids contain the several materials des- 
tined for the nutrition of the numerous class of bodi' 
to which they respectively belong. 
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Mf^, B. Kor is the production of these fltilds iiL 
the animal and vegetable systems entirely different ; 
£[>r the absorbant vessels,, which pump up the chylei 
from, the stomach and intestines, may be compared to 
the absorbants of the roots of plants, which suck up the 
nourishment from the soil. And the analogy between 
the sap and the blood may be still further traced^ if ve- 
follow the latter in the course of its circulation ; ibr in 
the living animal, we find every where org^i which, 
are possessed of a power to secrete from the blood audi 
appropriate to. themselves the ingredients requisite for- 
their support. 

Caroline, But wheQce does these organs derive their- 
respective powers ? 

Mrs, B, From peculiar organization, the secret of 
which no one has yet ever been able to unfold. But it 
must be ultimately by means of the vital principles that 
both their mechanical and chemical powers are brought 
into action. 

J cannot dismiss the subject of circulation without 
TaQn^xonm^ fiersfiiratioTiy a secretion which is immediate- 
ly connected with it, and acts a most important part in' 
the animal economy. 

Caroline. Is not this secretion likewise made bjr ap-ii. 
propriate glands ? 

Mrs, B, No ; it is performed by the extremities of 
the arteries, which penetrate through the skin and ter- 
minate under the cuticle, through the pores of which the 
perspiration issues. When this fluid is not secreted in. 
excess, it is insensible^ because it is dissolved by the air 
as it exudes from the pores ; but when it is secreted 
fdster than it can be dissolved, it becomes sensible^ as it 
assumes its liquid state. 

Emily, This secretion bears a striking resemblance 
to the transpiration of the sap of plants. They both 
consist of the most fluid part, and both exude from the 
surface by the extremities of the vessels through which 
they circulate. 

AJrs. B, And the analogy does not stop there ; for, 
since it has been ascertabed that the sap returns into, 
tb^ of the p\an\s, xVv^ i^?ifc\s^\^\tf:^\s^v^^«sv the 
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mnimal and vegetable circulation is become still more 
obvious. The latter, however, is far fmm being com- 
plete, idnce, as we have obscrveil before, it consists only 
m a riaidg and descending of the sap, whilst in animals 
the jUood actually circtdu!eu through every part of the 
tysteiD- 

We have now, I think, traced the process of nutri« 
tionironi the Introduction of the food into the stomach to 
Its finally becoming a constituent part of the animal 
frame. This will, therefore, be a fit period to conclude 
our present conversation. What further remarks we 
have to make on the animal economy bhall be reserved 
{for our ntzt interview. 



€oni)er0atton xxiii. 



HDis animal heat : and on various Atiinial Products* 



Etnily, 

StNCE our last interview, I have been thinking much 
"of the theory of respiration ; and I <:aniK)t help being 
titruck with the resemblance which it appears to bear 
to the process of combustion. For in respiration, as in 
most cases of combustion, the air suffers a change, and 
a portion of its oxygen combines with hydrogen and 
carbone, producing carbonic acid and water. 

Mrs. A I am much pleased that this idea has oc- 
curred to you : these two processes appear so very anal- 
ogous, that it has been supposed that a kind of combust- 
ion actually takes place in the lungs ; not of the blood, 
but of the superfluous hydrogen and carbone which the 
«xygea attracts from it. 




324 

Caroline, A combustion in our lungs'! tliat is a cuii- 
'ous idea indeed 1 But, Mra. B, How can you call the 
action of the air on the blood in the lungs, combustion, 
when neither light nor heat are produced by it ? 

Emily. 1 was going to make the same objection. 
Yet I do not conceive how the oxygen can combine with 
the hydrogen and carbone, and produce water and car- 
bonic acidi without disengaging heat ? 

Mrs. B, The fact is, that heat is disengaged. 
Whether any light be evolved, I cannot pretend todc^ 
termine ; but that heat is produced in considerable and 
very sensible quantities is certain, and this is the princi- 
pal, if not the only source of akimal heat. 

Emly. How wonderful I that the very process which 
purifies and elaborates the blood, should afford an inex- 
haustible supply of internal heat ! 

Mrs, B. This is the theory of animal heat in its oti- 
ginal simplicity, such as it was first proposed by Black 
and Lavoisier. It is equally clear and ingenious ; and 
was at first generally adopted. But it was objected, ^on 
second consideration, that if the whole of the animal 
heat was evolved in the lungs, it wpuld necessarily be 
much less in the extremities of the body, than immedi- 
ately at its source, which is not found tc^be the case. 
This objection, however, which was by no means frivo- 
lous, is now satisfactorily answered by means of the im- 
proved theory of respiration which I mentioned last. 
According to this hypothesis, you recollect the changes 
which the blood undergoes in consequence of respira- 
tion only begin in the lungs and gradually continue du- 
ring' circulation. Therefore the animal heat, which is 
the consequence of those changes, likewise begins in 
the lunp;s» and afterwards continues during the whole 
circulation ; and heat is thus uniformly diffused through- 
out every part of the body. 

Caroline. More and more admirable ! 

Mr*. B. Now let me hear whether you can explain 
how animal heat is produced. You, Carolinei tell me in 
what manner it is first evolved in the lungs ? 

Caroline. Part of the oxygen gas inspired, imrac- 
ilmtely combines in tlie lungs with the loose carix)ne 
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"md hydrogen of theTcnous 1)]ood ; and the caloric evolv- 
ed during this combination, bccoTrXh »iii:r:al heat. 

Mr«. B. Very well; but ><.u mnsi « b&ci'vc, that 
the "whole of the oxygen insjiircrl at a bitaili is not con« 
■umed by one respiration ; a cun^Mcrabio part of it is 
tsptredf so that we may bi cat lie tlic same portion of 
air several times before the wijilc of the oxygen is ex- 
peiided.-^Now, Emily, will you explain to mc in what 
maimer an unifoim degree of licai is kept up thiough- 
out the body ? 

£mUy, A quantity of oxygen enters into the circif- 
latioD during which it |i:ra(!n'any conibines* with the hy« 
drogen and carbone of the bluc.df tliuR produoinfj; a con- 
fltant disengagement of heat thit)Uglioui c.^iy part of 
the body. 

A^9. B» Very well* indeed. You have in a few 
words stated nearly all that can be s^id on the subject. 
I inusti however^ mention another circumstance which 
may contribute to account for the gradual evolution of 
aramai heat. It appears, from some experiments, that 
the bloodi in consequence of the successive changes it 
undergoes during circulation (by which it is gradually 
converted from arterial into venous blood), has its ca- 
pacity for caloric diminished. What must be the con- 
sequence of this ? 

Mmily, That heat of course, must be disengaged. 

Mtm. B, Exactly so ; and thus an additional quan- 
tity of ammal heat must be generated. However, the 
heat produced in this way is but trifling, and could on* 
ly account for a very small portion of the animal tem- 
perature. 

Caroline, The cause of animal heat was always a 
perfect mystery to me, and I am delighted with its ex- 
planation.— But pray, Mrs. B. can you tell me what is 
the reason of the increase of heat that takes place in a 
lever ? 

Emily. Is it not because we then breathe quicker, 
and therefore more heat is disengaged in the system ? 

Mra, B. That may be one reason : but I should think 
tbat the principal cause of the heat experienced in fe- 
vers, U, that there is no vent for xVve cvXont \N\Svs\i*^ 

D d 
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^nerated in the body. One of the most comiderable 
secretiotift is the insensible persinration ; this is con- 
stantly carrying oiT caloric in a latent state ; but during 
the hot stage of a fever, the pores are so contracted 
that all perspiration ceases, and the accumulation of cal- 
oric in tlie body occasions those burning sensations that 
are so painful. 

JKmily, This is, no doubt> the reason why the persfH- 
i^ation that often succeeds the hot stage of a fever afibrds 
'so much relief. If I had known this theory of animal 
heat when I had a fever last summer, I think I . should 
have found some amusement in watching the chemical 
processes that were going on within roe. 

CaroSne. liut exercise likewise produces animai 
heat and that must be quite in a different manner. 

Mr9. B. Not so much as you think ; for the moFe 
exercise you take^ the more the body is stimulated, and 
requires recruiting. For this purpose the circulatioB 
of the blood is quickened, the breath proportionably ac- 
celerated, and consequently a greater quantity of caloric 
evolved. 

CaroHnc, True ; after running very fast, I gasp for 
breath, my respiration is quick and hard, and it is just 
then that 1 begin to feel hot. 

Emily, It would seem, then, tliat violent exercise 
should produce fever. 

Mrt, B. Not if the person is in a good state of health ; 
for the addiiional caloric is then carried off by the per- 
spiration which succeeds. 

Emiiy. What admirable resources nature lins pro- 
vided for us ! By the production of animal heat she has 
cr.abled us to keep up the temperature of our bodies a- 
bove that oi inanimate objects ; and whenever this source 
I:>€Comes too abundant, the excess is carried off by pers- 
jjirulion. 

Mrs, B. It IS by the san>e law of nature that we arc 
enabled, in all climates; and in all seasons, to preserve 
ojr b'jdicsof an equal temperature, or at least very near- 
}y so. 

Caroline, You cawnot fccan to say that our bodies are 
f'f the same temper-AlviTe \tv ^WTt\xcvw ««v^ vk^ ^\wvw: id 
i :niWancl and in ll\e We^^. ItvCivfc^X 
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Alra. B, Yes, I do ; at least if you spcuk of iJic tcm- 
pcrature of the t>lfxx)» and the internal purls of ilie body ; 
fSf those ports that are immediately in contact with the 
atmosphere^ such as the hands and face, i»ill occasion- 
ally get warmer or colder, than the intcuiul or more 
sheltered parts. But if you put the buh> of a thermome- 
ter in your mouth« which is the best way of ascertaining 
the real temperature of your lx)dy, you will scarcely per- 
ceive any difference in its indication, whatever may be 
the difference of temperature of the atmosphere. 

CwroUne, And when I feel overcome by heat, I am 
really not hotter than when 1 am shivering wiih cold I 

Mre. B. When a person in health feels very hor« 
whether from internal heat, from violent exercise, or 
from the temperature of the atmosphere, his body is 
certainly a little warmer than when he feels very cold : 
but this difference is much smaller than our sensations 
w^ld make us believe : and the natural standard is soon 
restored by rest and perspiration. I am sure you will 
be surprised to hear that the hucinal temperature of 
the.hody scarcely ever descends below 05^ or 96°, nnd 
Jiardly ever attains 104° or 105^| even in tlic most vio- 
lent fevers* 

Emily. The greater quantity of caloric, there fore, 
that we receive from the atmosphere in summer, cannoe 
raise the temperature of oui* bodies, beyond ccituin lim- 
its, as it does thai of inanimate bodies, bec;;use an excess 
of c^oric is carried off by perspiration. 

Caroline. But the temperature of the atmosphcro, 
and consequently that of inanimate bodies, is surely nev- 
er so high as that of animal lieat ? 

Jl/ra B. I beg your pardon. Frequeotly in the EL\st 
and West Indies, and homctimes, in the southern parts 
of Europe, the atmosphere is above 98", wliich is the 
common temperature of animal heat. — Indeed, even in 
this country, it occasionally happens that the sun*s rays, 
setting full on an object, elevate its temperature above 
that point. 

In illustration of the power vhich our bodies liave to 
resist the effects of external heat, Sir Charles Bku^dcn, 
with some other gentlemen, made seveial very curious 
fixjterimems. He remained for some \at£v^V\ -^w^n^^ 
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have thought that all climates would hare been equally 
wbolesoiiie. 

Mrs, B. That it true, in a certain degree, with re r* 
gard to those who have been accustomed to them from 
birth s for we find that the natives of those climatea 
which we consider as the most deleterious, arc as heal- 
thj as ourselves ; and if such climates are unwholesome 
to those who are habituated to a more moderate tempe- 
raturei it is because the animal economy does not easily 
accustom itself to considerable changes. 

CamUne. But prayj Mrs. B. if the circulation pre- 
lervea the body of an uniform temperature, how docs 
k hsppen that animals are sometimes frozen I 

Mr: B, Because if more heat is curried off by the 
atmosphere than the circulation can supply, the cold 
will finally prevail, the heart will cease to beat, and the 
animal will be frozen. And likewise, if the body rc- 
muned kxig exposed to a degree of heat, greater than 
tfie perspiration could carry off, it would at last lose 
the power of resisting its destructive influence. 

GtroSne, Fish, I suppose, have no animal heat, but 
partake of the temperature of inanimate objects ? 

Bmily, Aiid their coldness, no doubt, proceeds from 
Uieir not breathing ? 

Mr9. B, All kinds of fish, I believe, breathe more 
er leas, though in a much smaller degree than land ani- 
mals. Nor are they entirely destitute of animal heat^ 
though fbr the same reason they arc much colder than 
ether creatures. They have comparatively but a very 
amall quantity of blood, therefore but little oxygen is re- 
qiured, and a proportionally small quantity of animal 
heat is generated. 

Caroline.. But how can fish breathe under water ? 
. Afr», B. Some of them raise their heads above the 
water to breathe ; and others arc supposed to be endow- 
ed by nature with the power of decomposing water and 
absorbing oxygen from it. Besides, water always con- 
tains air mixed with it which the fish may possibly ap- 
ply to the purposes of respiration. Whatever the case 
may be, it is certain that several kinds of fish have re- 
servoirs of air; or air bags, from which they have profa^ 

D d 2 
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nWy the mc:^n8 of supplying the gills, an organ nrhich 
in the respiration of fish, answer:* the double purpose, 
of nuniih und )unf^. 

( artitnc Alt there any species of animals thac 
hrcathe moir than vrc do f 

.\frf. a. Yes ; hirdi*, of all animals, brexithe the great- 
est quantity of air in pix)|X)rtion to their size ; aod it is 
to this thai ihcy are 5iipposed to owe th.c peculiar firm- 
i)ca» and strcn^^ih of their muscles, by which they ai:e 
enabled to suppoit the \iolent exertion of flying, 

TUis difTvicnoe hct\*'een birds and fish, which may 
be considcivd as tlic two extremes of the scale of iquv 
eular strength, is well worth observing. Birds resid- 
ing constantly in the atmosphere, surrounded by oxy-. 
gen, and it:spinng it in a greater pro|iortion than any 
other species of animals, are endov^ed wirh a superior, 
degree of muscular ^trcngtl^ whilst the muscles offish, 
on the contrary* ara finccid and oily ; these animals are 
c.om(>aratively slow and feeble in their mptions, and ' 
their temperature is scarcely above that ofthe. water in 
vhich they live. This is, in all probability* owing to 
thcii* imperfect respiration ; the quantity of hydrogen : 
and carl>onc, that is inconsequence uccumidated in their 
bodies^ forms the oil which is strongly characteristic 
of that species of animals, and which relaxes and soft* 
ens tlie small quunliiy of fibrine which their muscles 
contain. 

Caroline. But, ^T^s. B. there arc some species of 
birds that frequent both elements, as, for instance ducks 
and other water fowl. Of wli^t nature is the fiesh of 
these ? 

Mrs, B, Such birds, in general, make but little use 

of their wings ; if they flv, h is but feebly, and only to a 

short distance. Their flesh, too partakes of the oily na- 

^^ tiire, and e\en in taste sometimes resembles that of fish. 

^^M'his is the case not only with the various kinds of water 

^b>wls* but vshh all other amphibious animals, as theot- 

Jtr, the crocodile, the lizard,; &c. 

m Caroline, And what is the reason that reptiles are so 

^^eficient in muscular suength ? 

B. It Vs \icca\]^^e \VvtN \>«v3a\\^ Vv^t; wndcr 
C^d acldom cQi»femVo\^^ %nssv^\jW^. 'W^l 
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ftife imperfecti tnd •ometimes no discernible organs. 
cf reipiration, they partake there {ure ok' the sufi oily 
nature of fish ; indeed, many of them are amphibious, 
aa frogs, toads, and snakes and very lew of them find 
any difiicully in remaining a length of time under wa- 
ter. Whilst, on the contrary, the insect tril)c thut are 
io strong in proportion to their size* and alert in their 
motiona, partake of the nature of birds, air bcin^; their 
peculiar element, and their organs of respiration being 
comparatively larger than in other classes of animuU. 

I have now given you a short account of the princi- 
pal animal functions. However intereMing the subject 
may appear to yon, a fuller investigation of it %vould, 
I €ear, lead us too far from our olijcct. 

&mty^ Yet I shall not quit it without much regret ; 
ibr (tf all the branches of chemistry, it is certainly the 
Aost curious and most interesting. 

CaroHne. But, Mrs. B. I must remind you tliot 
you promised to ^ve us some account of the nature of 
miik. 

Mr9* B, TVue. There are several other animal 
productions that deserve likewise to be mentioned. We 
siiall be^n wiCh milk, which is certainly the most im- 
portant and most interesting of all the animal secretions. 

Milk) like all other animal substances, uhimately 
yields br analysis, oxygen, hydrogen, carbone, and 
lUtrogen. These are combined in it under tlie forms ■ 
ckT albumen* j^elatine, oil, and water. But milk con- 
tains, besides, a considerable portion of phosphat of: 
li&iei the purposes of which, I have already pointed, 
coit. 

CaroHtie. Yes ; it is the salt which serves to nou- 
rish the tender bones of the suckling ?' 

Afr: B, Tb reduce milk to its- elements would be 
a very complicated, as well as useless operation ; but 
thb fluid, without any chemical assistance, may be de- 
composed into three parts, creanit curds, and whey."^ 
These, constituents of milk have but a very slight affin- 
ity to each othen and -you find accordingly that cream 
sepumtes from milk by mere standing. It consists 
thiefly of.oij^ which being lighter than the other pa: 
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•Iher ingredients of milk. Butter, therefore, though 
mually made of sour cream, b not sour itself, because 
the oily part of the cream had not been acidiBed. But- 
ter, hovferer, is su5ce[)tible of becoming acid by an 
excess of oxygen ; it is then said to be rancid, and pro- 
duces the sebacic acidi the same which is obtained from. 
&t.. 

Emily, If that be the case, might not rancid butter 
be sweetened by mixing with k some substance that 
would take the acid from it ? 

Mr: B, This idea has been suggested by Mr. Da- 
ry, who supposes, that if rancid butter were well wash- 
ed in an alkaline solution, the alkati would separate the 
acid from the butter. 

Caroline. You said just now that creamed milk con- 
ttsted of curd and whey. Pray how are these separa- 
ted? 

Mr; B, They may be separated by standing for a 
•ertain length of time exposed to the atmosphere ; but 
Ibis decemposition may be almost instantaneously ef- 
fected' by the chemical agency of a variety of subttan- 
ces. Alkalies, rennet,* and indeed almost all aninuil 
substances, decompose milk by combining with the 
cards. 

Acids and spirituous liquors, on the other hand, pro- 
duce a decomposition by combining withthe whey. In 
order therefore to obtain the whey pure, rennet, or 
alkaline substances, must be used to attract the curds 
from it 

But if it be wished to obtain the curds pure, the whey 
must be separated by. acids, wine, or other, spirituous, 
liquors. 

Mmiiy. This is a very useful piece of information ; 
for I find- white wine whey, which I sometimes take 
when I have a cold, extremely heating ; now, if the 
whey were separated by means of an alkali instead of 
wine, it could not produce that effect. 

* Rennet is the name given to a watery inftuicn '^ " 
€oat8 of the stomach of a sucking calf. Its remari 
jfkacy in firomoting coagulation is aufifto^td to dit 
t/it^ Sf^stric juice with which it WTmJiregnatcd% 







V^p IV r<rhAi>« not. Uut I would strenucu^y adp 
^•v«« ^-.s; iv"^ ^« (<Aoc Uh> much reliance on your sUghc 
V M lUK aI kvo« Ic J ^ in nicdK-^l matters. I do not knew 
v^^ xWwT U w>l *ci>ArMcd from curd by rennet, or by 
M) Mk«lu lov thc\nii(H>»c which you mentioa; but I 
»a\^t|^y »u«|y^*i lhci« inu^t he some good reason why 
\\\< \nr(VAViviion by luc.ais of wine is generally prefer- 
mi. i cAh, ho\ve\rv. safely point out to you a method 
rf (^lAiiiUk^ whey without either alkali, rennet, or 
winr. it i^ hv >ulvv,iui tiny* lemon juices a very muH 
i|U.\iui:y uf \\\\\\\\ will scp.ii*atc it from the curds. 

Whey, as »n arcido uf dict« is very wholeaooie : k 
is the iiuv%t nuii'itivc |uirt of the milk« and the lightest 
of ilik;ostion. Ihit iis ctT«ct, taken medicinally, is chief- 
lyi 1 believei to eKcite perspiration, by being drank 
warm t>n y^ing to 1m: d 

It npiH^rs that the nutritive particles of whey may be 
ohtttincd in chryntals by cvu|)oration ; in this state they 
arc o-.\llcil salts, or ntorc cummonly augar qf7mlA\ Thu 
milt is sweet to the tasie, and in its composation is so 
analo|^nis to s\i(car, that it is susceptible of uodergdng 
tlic vinous fcrmcnlttiion. 

Cufu//>ir. Why then is not wine, or alcohol, made 
IVoni whcv ? 

Mr*, iK The quatuity of sugar contained in milk 
is so triflinp: that it can huitlly answer for that purpose^ 
I have hrarU only of one instLincc of its being used for 
the productiun of u spirituous liquor, and this is by 
the Arabs ; their -abundance of horses as well as their 
scarcity of fi-niis, has introduced the fermentation of 
mare^s niilki by which they produce a liquor called 
kotiffiiss. Wl»iy is likewise© susceptible of being acidi- 
fied by combining wiih oxyg:cn from the atmosphere. 
It then produces the /c/c//f acidf which you may recol- 
lect is mentioned amongst the animal acids, as Uie acid 
of milk. 

Let lis no'v sec what are the properties of curds. 

Emily. 1 know that they are made into cheese ; bu' 

have heard that for that purpose they ai^ separatee 
the ^hcy by rennet, and yet this you have just tok 
not the method of obv«Aw\iN^\vurc curds ? 
Vtf. J3, Nor SLve puv^i cxxx^-^k ^o h;0\ ^'\'^^^^ Vsi >3m 
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Smnaiion of cheese. For the nature and fluTour of tlie 
■checfle dependsf in a great measure, upon the crcum 
or oily matter which is left in the curds ; so thut if evc- 
17 particle of cream be removed from the cuid;*, the 
Cbeeie is scarcely eatable. Rich cheeses, such as 
■cream and Stihon cheeses, derive their exccileiice from 
the qiiaDtityi as well as the quuiity of ihc cream that en- 
ters into their composition. 

CkroSne, I had no idea that milk was such an intcr- 
•tstfflg compound. In many respects there apj^ars to 
me to be a very striking analogy between milk and the 
contents of an egg, both in rcs|x:ct to their nature and 
their use. They are, each of them, composed of the 
nriotis substances necessary for the nouiibhuicnt of the 
young animal, and equally destined for tliat purpose. 

Mr$, B, There is, however, a very essential dif- 
ference. The young animal is formed, us well as nour- 
ished by the contents of the cg^- shell ; wi/ilst milk 
serves us nutriment to the buckling, only after it is bom. 

There are several peculiar animal siibstances which 
do not enter into the general enumeration of animal 
oorapounds, and whicli, however, deserve to be men- 
tioned. 

Sfiermaccti is cf this class ; it is a kind of oily sub- 
stance obtained from the head of the whale, which 
however, must undergo a certain preparation before it 
is in a fit state to be made into candles. It is not much 
more combustible than tallow, but is more pleasant to 
bum, as it is less fusible and less greasy. 

jimbergria is another peculiar substance derived from 
a species of whale. It is, however, seldom obtained 
from the animal itself, but is generally found floating on 
the surface of the sea. 

TVax^ you know, is a concrete oi), the peculiar pro- 
-duct of the bee, part of the constituents of which may 
probably be derived from flowers, but so prepared by 
the organs of the bect and so mixed with its own sub- 
stance, as to be decidedly an animal product. Bees'- 
wax is naturally of a yellow colour, but it is bleached 
by long exposure to the atmosphere, or may be instan- 
taneous// whitened by the oxy-mvimUCr ^"cv\» '\lV 
4:ombastiott of wax is far more perfecX \\\w\ xJa'^v ^ > 
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'r'li they relum again lo their pilmi'.ivc simplicity, soon 
t^ re cnier tbc sphere of or;;aiiizc(l cxi/t.i.ci-. 

When all ihc circumstai.cci v.vi.cyy.^.y lu prrducc 
fermentation do not tuke pljrc, aiilnalf like \i::^c!:ib!e 
iTia'.ter, i*»)UbIc to a partial or in:pi-.fcfji clcconipcbiiion, 
"sLich converts it into a combu'i'iblc siibsthncc very 
nke spermaceti. I expect C:-.roiii:c, \\ ho ib so I'lyiid ui an- 
alogies, will consider this as a kind of uitiinul bituiiicn. 
Canlinc. And v^Iiy should I not, siticc the proccds- 
es- that produce thc&c substuiiccs arc so himilar. 

Mrs. B, There is, howe\cr, cir.c conhiilcr-blc dif- 
fcrcj^cc : the state of bitumen sctnis pcm.aiici.t, whilst 
that of animal substances, thus inipcifcctly dtconripo- 
scdy is only transient ; and, unless precautions b. taken 
to preserve them in that state, a total dissolu.i.n in- 
faltibly ensues. This circumstance, of the occasional 
conversion of animal matter into a kind of sjicrmaceti, 
IS of late discovery. A manufacture has in consequence 
been established near Biistol, in which by exposing; 
the carcases of horses and other animals for a length 
of time under water, the muscular parts are converted 
into this spermaceti like substance. The bones after- 
i^ards undergo a dincrcnt process to produce harts- 
horn, or, more properly, ammonia, and phosphorus ; 
and the skin is prcpSired for leather. 

Thus art contrives to enlarge the sphere of useful 
purposes, to which the elements were intended by na- 
ture ; and the productions of the several kingdoms are 
frequently arrested in their course, and variously modi- 
fied, by human skill, which compels them to contribute} 
under new forms, to the necessities or luxuries of man. 
But all that we enjoy, whether produced by the 
spontaneous operations of nature, or the ingenious ef- 
forts of art, proceed alike from the goodness of Pro- 
vidence — To GOD alone man owes the admirable 
faculties which enable him to improve and modify the 
productions of nature, no less than those productions 
themselves. In contemplating the works of the crea- 
tion, or studying the inventions of art, let us, there- 
fore, never forget the Divine Source from which thr' 
proceed ; and thus every acquisition of knowledge v 
prove a lesson of piety and virtue. 

E C ESD OT THIS. VQ^ii^i^ ^^'^ 
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.ti . - y ■ .- ■' '•.- y^t.-^'^i Lr-:f::rc c:i ihf decom/i$^ 
.. :. ■? .7 ■ >•' -' : ^-' .\ .-■.•s jr?-' :hf fjfhiiiticn of the nca 
• . *^^''.-r^ -:•-.* v- • : l:,' :.:;Tr fc«* ; ^y Humphrey 

Tr.s "^^c::::!:** I I:iv: rraJc CR the decomposition of 
i:..2s x~ri cf i.X.ilire iixl cinhy neutral coropoundSf 
rrve-i L"J.: :-e pcwcrs c:* electrical decompositioo 
Wi-re rrv:?ci'ic?cul r? :k< screr^h of the opposite elec- 
tric.: Le 5 b ±e circui:. 3r.d to the conducting power and 
vl-f^r-^e cf ccncec'rx'xn cf :fce materials employed. 
In the 5r*i£ Jittetrpts I irijJe oa the decomposition of 
the £xed alkilie5« I *c:eii u^cn aqueous solutions of 
pcvish asvi 5c\:j, s^:i:ni:sd at coalmen tenperaturesy by 
the hi^h^st c!tv:7icjl power I could command, and 
which ttM5 prtxiiiced by a ccr^bination of voltaic batte* 
r:^^ b«:Ion^;rg to che Royal In siitution, containing 34 
p?a:e$ v^f copjXr arJ z*"c ok" 1 : irches square, 100 
pl-tis of 6 ir.ches, -rJ ? J "^ ok" * inches squ;ire9 charge 
cd w:-.h se!i;:ioRS«.f J.viai ard nhious arid; but in these 
casein ihci:^iT there w^s a Iii^h ir;:en?l:y of action, the 
v,»:er of :hc <r*v:::cr:> aVrc was erlVorcd, and hydrogent 
and oxyi^cn v.:<v. c-.i;:^ '•■. ::h :hc jvciucJon of much 
heat unu >iv.lcr: c:\r\<:>s:v::\:o. Tire presence of wa* 
ter j^'^^eavii::^ thirs :o :">rc\cn: ar-y iXcou.pobi:icn, I used 
P'.r.iili ill ij^rec;:* iVisicii, Hy n:cd::s ot" a stream of oxy- 
gen gis iVc.n a ga5omcTGr pppiicu :o ;he flame of a 
spirit Ir^mp. v. h::h vas thrown en a v'l-ma spoon con- 
Kur.in^ pot-sh. this alk-ii >vds ke-n Tor iome minutes 
i'l a stior.i* red ::e:.t, and m a s'.:.-.e ci perfect fiv.idiiy. 
The spjon W.IS prc^irved in coir.niimicj/.ion wiih the 
poruive side cf the battery, a::d :ne power of ICO of in- 
ches, hi^jhiv char|f:cd ; ar.d the cv^nnection from the neg- 
a:i.e side was mL.i'c by a pLi'.ina \\ire. By this ar- 
rir.gcment some brillunc phir.rnicra were produced. 
T::e pct-sh a; eared a ccr.diictor, in a hi^h deg :eci 
o:.:! as long as I'r.e cornmunication was preserved, a- most 
ii/.ci'Sc- light was exhibited at the i-cgative wiro, and 
a coluiTin of tlame« uiiich seemed to be owir.g to the de- 
vclopenicnt of combustible matter, arose frcni the point 
of con: act. When the order was changed, so that the 
JjiVtina spoon "was msid^i we^vxus^, ;x\\\>A^^Qi\\slant light 
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tppeared at the opposite p(iint. There wir no cfTtct 
of inflammation round it, but xriform (^lohulc*;, wh'uAi 
inflamed in the atmostphcrei rose thtbii^li the potasli. 
The platina, as mi);ht have l)cen expected, wns con- 
uderaUy acted upon ; and in the cubes when it had 
heen negative in the highest de^^rce. 

The alkali was apparently dry in this expciimcnt ; 
and it seemed probable, that the h;flumnriablt: mutter 
arose from its decomposition. The rctidiiLi! pot.tsli 
was unaltered ; it contained, indeed, a iiuii.b(.r ot davk 
grey metallic particles, but these p:oved lo be dciivcd 
from tho platina. 

I tried several experiments on the clcrtrizit^ion of 
potash, rendered fluid by heat, wiih the hopes of being; 
aUe to collect the combustible mutter, but without suc- 
cess ; and I only attained my object, by. cm]i!o\ing 
electricity) as the common a.^cnt for fusion and decom« 
position* Thoup;h potash, pcifi-cily dried by ignition, 
is a Don conductor, yet it is rendered a cmiducior by a 
very slight addition of moisture, which d^es not per- 
ceptibly destroy its aggregation ; and in this stale it rea- 
dily fuses and decompo^scs by strong clcctiical powers. 

A small piece of pure potash, which had been ex- 
posed a few seconds to the atmosphere, so as to give 
Gondticting power to the surface, was placed upon an 
ioBolated dish of platina, connected with the negative 
side of the battery, of the power of two hundred and 
fifty of six and four, in a state of intense activity ; and 
a platina wire communicating with the posiiivc sick;, was 
brought in contact wiili the upper surface of the alkali. 
The whole apparatus was in the open aimospheret 

Under these circuniit:^nc€s, a vivid action was soon 
observed to take place. The potash began to fuse at 
both its points of elect riziuion. There was a violent 
ciTeivescence, at the upper surface : at the lower or 
negative surface, there was no liberation of elastic flu- 
id; but small globules, having a hip;h metalic lustre, 
and being precisely similar, in visible characters to 
quicksilver, appeared ; some of which burnt with ex- 
plosion, and bright flame, as soon as they were form* 
ed, others remsiincd, and were meTfc\^ Vv.Ttv\^\\^^^ ^\si! 
&iii]Jy coYCJ^d by a white film, w\ucV\ foxtcv^^vfci'^^ 
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Surfaces. These globules, numerous experiments soou: 
showed to be the substance I was in search of, and sr 
peculiar inflammable principle the basis of potash. I 
found that the platina was in no way connected with the 
result, except ns the medium of exhibiting the elec- 
trical powers of decomposition ; and ^ substance of the 
same kind was produced, when pieces of copper, silver,, 
gold, plumbago, and even charcoal were employed for 
completing the circuit. The phenomenon was inde- 
pendent of the presence of air.' I found that it took 
place when the alkali was in the vacuum of an exhaust- 
ed receiver. The substance was likewise produced 
from potash fused by means of a lamp, in glass tube) 
confined by mercury, and furnished with hermetically 
inserted platina wires, by which the electrical action- 
was transmitted. But this operation could not be ca^ 
lied on for any considerable time ; the glass was rapid- 
ly dissolved by the action of the alkali, and tliis sub*^ 
stance soon penetrated through the body of the tube. 

Soda, when acted upon in tlie same manner as pot- 
ash, exhibited an analogous result ; but the decon)p6- 
sition demanded greater intensity of action in the bat- 
teries, or the alkali was required to be in much thinnef 
and smaller pieces. With the battery of one hundred 
of ai:c inches in full activity, i obiaiiieu good results 
from pieces of potash weighing from forty to seventy 
grains, and of a thickness which made the distance of 
the electrified metallic surfaces nearly a quarter of an 
inch ; but with a similar power it was impossible to 
produce the effects of decomposition on pieces of soda 
bf more than fifteen and twenty grains in weight, and 
that only when the distance between the wires was a- 
bout one eighth or tenth of an inch. 

'the substance produced from potash remained fluid 
at the temperature of the atmosphere at the time of 
its production ; that from soda, which was fluid in the 
degree of heat of the alkali during its formation, became 
^lid on cooling, and appeared having the lustre of 
silver. 

When the power of two hundred and fifty was used 
■with a very h\^Vv ch^x^e for the decomposition of soda, 
the globules o^x^rv bvxTtiX. ^X ^^\^ xw^tsv^xjX ^^ >^^\x. ^^\ma.- 
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tl6!t and flomettmes 'violently exploded and se pnratrcl 
kito smaller globules, which flew witli greut velocity 
through the air, in a stutc of vivid combustion, producing 
a beautiful effect of continued jets of fire. 



HI. Thtvry of thr Deoimftotntion of the fixed MkalivH ; 
their Comfiomtion and Producirj7i. 

As in all decompositions of compound su1)stanccs 
Hfhich I had previously examined ut the same time, 
that combustible bases were developed at the negative 
surfiure in the electrical circuit, oxygen was produced 
and evolved or carried into combination at the positive 
lOrface; it was reasonable toconchide that this substance 
Was generated in a similar manner by che electrical 
action upon the alkalies, and a number of experiments 
made above mercury, with tlie apparatus for excluding 
external air, proved that this was the case. 

When solid potash, or soda in its conducting state, 
was included in glass tubes furnished with clcctiified 
platina wires, the new substances were generated at the 
Bcgative surfaces ; the gas given out at the other surface 
I^roved, by this most delicate examination, to be pure ox- 
ygen ; and unless an excess of water was present no gas 
Was evolved from the negative surface. 

In the synthetical experiments, a peifect coincidence 
likewise will be found. 

I mentioned that the metallic lustre of the substance 
from potash immediately became destroyed in the at- 
Hiosphere, and that a white crust formed upon it. This 
erust I soon found to be pure potash, which immediate- 
ly deliquesced, and new quantities were formed, which 
in their turn attracted moisture from the atmosphere, till 
the whole globule disappeared, and assumed the form of 
"a saturated solution of potash. 

When globules were placed in appropriate tubes, 
containing common air or oxygen gas, confined hv 
tnercury, an absorption of oxygen took place ; a c 
©f aJiiiiii instanrl/ formed upon the ^loliuV^\ \i\3X^' 
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the want of mmsture for Its solution the process stop- 
ped, the interior being defended from the action of the 

gas. 

With the substances from soda the appearances and 
effects were analogous. When the substances were 
strongly heated, confined in given portions of oxygen, 
a rapid combustion with a brilliant white flame was pro- 
duced, and the metallic globules were found converted 
into a white and solid mass, which, in the case of the sub- 
stance from potash, was found to be potash, and in the 
case of that from soda, soda. 

Oxygen gas was absorbed in thb operation, and 
nothing emitted which effected the purity of the resi- 
dual air. The alkalies produced were apparently dry, 
or at least contained no more moisture than might well 
be conceived to exist in the oxygen gas absorbed : and 
their weights considerably exceeded those of the com- 
bustible matters consumed. The processes on which 
these conclusions are found will be fully described here- 
after, when the minute details which are necessary will 
be explained, and the proportions of oxygen and of the 
respective inflamable substances which enter into unioo 
to form the fixed alkalies will be given. 
« It appears, then, that in these facts there is the same 
evidence for the decomposition of potash and soda into 
oxygen and two peculiar substances, as there is for the 
decomposition of sulphuric and phosphoric acids and 
the metallic oxyds into oxygen and their respective com- 
bustible bases. 

In the analytical experiments, no substances capable 
of decomposition are present, but the alkalies and a 
.minute portion of moisture ; which seems in no other 
way essential to the result, than in rendering thcro con* 
ductors at the surface : for the new substances are not 
generated till the interior, which is dry, begins to be fu- 
sed ; they explode then in rising through the fused al- 
kali ; they come in contact with the heated moistened 
surface ; they cannot be produced from crysialUzed al- 
kalies, which contain much water ; and the effects pro- 
duced by the electrization of ignited potash, which con- 
tains no sensib\e c\v\dxvV\Vf of viater^ confirm the opinion 
of their tovmaupii '\v\d^^^\^^<iTv>\^ o'l^^Xj^^'s.^^'t^^ vJcca. 
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The combustible bases of the fixed alkalies seem tK^ 
be repelled as other combustible substances, by posi- 
tively electrified surtaces* and attracted by negatively 
electrified surfaces ; and the oxygen follows the con- 
trary order ; or the oxygen being naturally possessed 
of the negative energy^ and the basis of the posiiive 
do not remain in combination when either of them is 
brought into an electrical state opposite to its natural 
one. In the synthesis, on the contrary, the natural 
energies or attractions come in equilibrium with each 
other ; and when these are in a low state at common 
temi^eratures, a slow combination is effected ; but when 
they are exalted by heat, a rapid union is the result 
as in other like cases with the production of fire. 

A number of circumstances relating to the agencies 
of the bases will be immediately slated, and will be 
fiMUid to offer confirmations to these general conclusions. 

IV. On t!ie Pro ficr ties and Miture qft/ie Ba»ia of Potash, 
After 1 had detected the bases of the fixed alkalies, 
I had considerable difficulty to preserve and confine 
them so as to examine their properties, and s\)!)init 
them to experiments; for, like the alkahests imugin- 
ed by the ulche mists, they acted more or less iqigin fi4< 
most every body to which they were exposed. -Ji • * * 
The fluid substance amongst all those I have inedv 
on which I find they have least effect, is recently dis- 
tilled naphtha. In this materia], when excluded from 
the air, they remain for many days without considera- 
bly changing, and their physical prpperties may ])e 
easily examined in the atmosphere when they are co- 
vered by a thin film of it. The basis of potash ar 60*^ 
Fahrenheit, the temperature in which I first exatmned 
it, appeared, as I have already mentioned, in small 
globules possessing the metallic lustre, opacity and 
general appearance of mercury ; so that when a glo- 
bule of mercury was placed near a globule of the pecu- 
liar substance, it was not possible to detect a difference 
by the eye. 

At 60° Fahrenheit, it is, however, only imperf 
^mdf for it does readily run inxo ^. ^oW^ '^> 
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shape is altered ; at 70^ it becomes more fluid ; and'at- 
100" its flukUly is perfect, so that different globules 
may be easily made to run into one. At 'SO** Fahren- 
heit it becomes a soft and malleable solid, which has 
the lustre of polished silver ; and at about the freeang 
point of water it becomes harder and brittle ; and, 
when broken in fragments, exhibits a crystallized tex- 
ture, which, in the microscope, seems composed of 
beautiful facets of a perfect whiteness and high metallic 
splendour. 

To be converted into vapour, it requires a tempera- • 
ture approaching that of the red heat ; and when the 
experiment is conducted under proper circumstances, 
it is found unaltered after distillation. 

It is a perfect conductor of electricity. When a 
spark fi-om the voltaic battery of an hundred of six 
inches is taken upon a large globule in the atmosphere, 
the light is green, and combustion takes place at the 
point of contact only. When a small globule is used 
it is completely dissipated with explosion, acccMnpanicd 
by a most vivid fldme, into alkaline fumes. It is an 
excellent conductor of heat. Resembling the metals 
in uH these sensible properties, it is, however, remark- 
ably <iiffercnt from any of them in specific gravity. I 
fomid that it rose to the surface of naphtha distilled 
from petroleum, and of which the specific gravity was 
eitj;ht hundred and sixty-one, and it did not sink in dou- 
ble disulled naphtha, the specific gravity of which was . 
about seven hundred and seventy, that of water being 
considered as one. The small quantities in which it 
is produced by the highest electrical powers, rendered 
it very difficult to determine this quality with minute 
precision. I endeavored to gain approximations on the 
subject by comparing the weights- of perfectly equal 
globules of the bases of potash and mercury. I 
used the very delicate balance of the Royal Institution, 
bich, when loaded with the quantities I employed, 
of which the mercury never exceeded ten grains, 

ensible, at least, to the amount of a grain. Taking 
mean of four experiments, conducted with great 

e» its specific gvaxwy *a\. ^"i^ Y^\vT^T^v€\\.v*"«»^siVVv».t. 

mercury as 10 lo ^3^ \NVv\Oci ^n^^ ^ v«^v^\nnrr^ 
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to* that of water nearly as 6 to 10 ; so that it is the 
lightest fluid body known. In its solid form it is a 
little heavier ; but even in this state, when cooled to 
40^ Fahrenheh, it swims in the double distilled napluha. 

The chemical relations of the basis of potubli are 
still more extraordinary than its physical ones. 

I have aU'eady mentioned its alkali zation and com- 
bu&tion in oxygen gas. It combines with oxygen 8low<» 
ly and whhout flame at all temperatures that I have 
tried below that of its evaporation. But at this tempe- 
rature combustion takes place, and the light is of a 
brilliant whiteness, and the heal intense. When heat- 
ed slowly in a quantity of gas not sufficient for its com- 
plete conversion into potash, and at a teipperature in- 
adequate to its inflammation, 400^ Fahrenheit for in- 
stance, its tint changes to that of a red brown, and 
when the heat is withdrawn, all the oxygen is found to 
be absorbed, and a solid is formed of a greyish colour, 
which partly consists of potash, Lnd partly of the basis 
of potash in a lower degree of oxygenation, and which 
becomes potash Uy being exposed to water* or by being 
again heated in fresh quantities of air. The substance 
consisting of the basis of potash combined with an un- 
der proportion of oxygen, may likewise be formed bv 
fusing dry potash and its basis together under proper 
circumstances. The basis rapidly loses its metallic 
splendour ; the two substances unite into a compound 
of a red brown colour when fluid, aiul of a dark grey 
hue when solid ; and this compound soon absorbs its 
full proportion of oxygen when exposed to the air, and 
is wholly converted into potash. 

And the same body is often formed in the analytical 
experiments when the action of the electricity is in- 
tense, and the potash much heated. 

The basis of potash, when introduced into oxymuri-«- 
atic acid gas, burns spontaneously with a bright red 
light, and a white salt, proving to be muriat of potash^ 
is formed.. 

When a globule is heated in hydrogen at a degree 
below its point of vaporization,' it seems to dissolve in 
it, for the globule diminishes xw No\\xtcv^> ^tv^ v!ct 
explodes with alkaline fumes w\d\i\:\^^^.\^^^» 
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suffered to pass into the air ; but by cooling) this spon- 
taneous detonating property is destroyed, and the basis 
is either wholly or principally deposited. 

The action of the basis of potash on water exposed 
to the atmosphere is connected with some beautiful phe- 
nomena* When it is thrown upon water, or when it is 
brought into contact with a drop of water at common 
temperature, it decomposes it with great violence, an 
instantaneous explosion is produced with brilliant flamCf 
and a solution of pure potash is the result. 

In experiments of this kind, an appearance often oc- 
curs similar to that produced by the combustion of 
phosphorated hydrogen ; a white ring of smoke, whieh 
gradually extends as it rises into the air. 

When water is made to act upon the basis of potash 
out of the contact of air, and preserved by means of a 
glass tube under naphtha, the decompo»tion is violent; 
and there is much heat and noise but no luminous ap- 
pearance ; and the gas evolved, when examined in the 
mercurial or water pneumatic apparatus, is found to be 
pure hydrogen. 

When a globule of the basts of potash is placed up* 
on ice, it instantly burns with a bright flame, and a deep 
hole is made in the ice, which is found to contain a so* 
lution of potash. 

The theory of the action of the basis of potash upon 
water exposed to the atmosphere, though complicated 
changes occur, is far from being obscure. The phe- 
nomena seem to depend on the strong attractions of the 
basis for oxygen and of the potash formed for water. 
The heat which arises from two causes, decomposidoQ 
and combination, is sufficiently intense to produce the 
inflammation. Water is a bad conductor of heat ; the 
globule seems exposed to air ; a part of it, there is the 
greatest reason to believe, is dissolved by the heated 
nascent hydrogen ; and this substance being capable of 
spontaneous inflammation, explodes and commimicates 
the efl'ect of combustion to any of the basis that maf 
be yet uncombined. 

When a globule cov\^^ed out of the contact of air ii 
acted upon by v^aXcr^ V\v^ vYv^ox'^ ^l ii^^^\!cvY:2j^ii&Sf^ 



tlsry umple ; the heat produced is rapidly carried off) 
BO that there is no ignition ; and a high temperature be- 
ing requisite for the solution of the basis in hydrogen, 
this combination probably does not take place, or at least 
It may have a momentary existence only. 

The production of alkali in the decomposition of wa- 
ter by the iMsis of potash, is demonstrated in a very 
umple and satisfactory manner by dropping a globule 
of it upon moistened paper tinged with termeric. At 
the moment that the globule comes into contact with 
the water, it burns, and moves rapidly upon the paper, 
M if in search of moisture, leaving behind it a deep 
rtddish-brown trace, and acting upon the paper pre-. 
dsely as dry caustic potash. 

So strong is the attraction of the basis of potash for 
oxygen, and so great the energy of its action upon wa- 
ter, that it discovers and decomposes the small quanti- 
ties of water contained in alcohol and ether, even when 
Ihey are carefully purified. 

In ether this decomposition is connected with an in. 
structive result. Potash is insoluble in this fiuid ; and 
when the basis of potash is thrown into it, oxygen is 
furnished lo it, and hydrogen disengaged, and the alka- 
li, as it forms, renders the ether white and turbid. 

In both these inilanimat>le compounds the energy of 
its action is proportionable to the quantity of water they 
contain, and hydrogen and pocash are the constant re- 
sult. 

The basis of potash, when thrown into solutions of 
the mineral acids, inflames and burns on the surface. 
When it is plunged by proper means beneath the sur- 
face enveloped in potash, surrounded by naphtha, it acts 
upon the oxygen with the greatest intensity, and all its 
effects are such as may be explained i'rom its strong af- 
finity for this substance. In sulphuric acid a white sa- 
line substance, with a yellow coating, which is, proba<« 
blyt sulphat of potash surrounded by sulphur, and a 
gas which has the smell of sulphurous acid, and which, 
probably, is a mixture of that substance with hydrogen 
gas, are formed. In nitrous acid, nitrous gas is c' 
gaged, and nitrat of potash formed. 

The basis oi potash readily combitvfc^ \oJ^^ 
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1)1e infiammable solids, and with the metals ; tirith phoV 
phorus and sulphur it forms compounds similar to the 
metallic phosphorets and sulphurets. When it h 
brought in contact H'ith a piece of phosphorus and 
pressed upon, there is a considerable action : they be- 
come fluid together, burn, and produce phosphorat of 
potash. When the experiment is made undernaphtha, 
their combination takes place without the liberation of 
any elastic matter, and they form a compound which 
has a considerably higher point of fusion than its two 
constituents, and which remains a soft solid in boiling 
naphtha. In its appearance it perfectly agrees with a 
metallic phosphoret ; it is of the colour of lead, and, 
when spread out, has a lustre similar to polished lead. 
When exposed to air at common temperatures it slow- 
ly combines with oxygen, and beconies phosphat of 
potash. When heated upon a plate of platina, fumes 
-exhale from it, and it does not burn till it attains the 
temperature of the rapid combustion of the basis of 
potash. When the basis of potash is brought in con- 
tact with sulphur in fusion, in tubes filled with the va- 
pour of naphtha, they combine rapidly with the evolution 
of heat and light, and a grey substance, in appearance 
like artificial sulphuret of iron, is formed, which, if 
kept in fusion, rapidly dissolves the glass, and becomes 
bright brown. When this experiment is maele in a 
glass tube hermetically sealed, no gas is liberated if 
the tube is opened under mercury ; but when it is made 
in a tube connected with a mercurial apparatus, a small 
quantity of sulphurated hydrogen is evolved, so that 
the phenomena are similar to those produced by the 
imion of sulphur with the metals in which sulphurated 
hydrogen is likewise disengaged, except that the igni- 
tion is stronger. 

Copper filings and powdered sulphur, in weight in 
the proportion of three to one, rendered very dry, were 
heated together in a retort, connected with a mercurial 
pneumatic apparatus. At the moment of combination 

;a quantity of elastic fluid was liberated, amounting to 
nine or ten times the volume of materials employed, 
^nd which consisted of isul^hurated hydrogen mixed 
^^'fh sulphureous acvd. TVv^ ^v^t \ivtYX\^\\^^ V^tjA^&s 



Mo 

'thc^e i« fevery reason to believe, must be referred to the 
sulphur ; the last probably to the copper, whlcli, it is 
'easy to conceive, may have become slightly and super- 
ficially oxy dated during the processes of filhig and dry- 
ing by heat. 

When the union is effected in the atmosphere, a 
great inflammation takes place, and suT^uret of potash 
*is formed. The sulphurated ba^s likewise gradually 
becomes oxygenated by exposure to the air, and is fi- 
nally conveHed into sulphate. The new substance pro- 
duces some extraordinary and beautiful results with 
•mercury. When one part of it is added to eight or 
ten parts of mercury in volume ai 60^ Fahrcuhtit, they 
instantly unite and form a substance exactly like mercu- 
ry in colour, but which seems to have less coherence s 
for small portions of it appear as fattened spheres. 
When a globule is made to touch a globule of mercury 
about twice as large, they combine with considerable 
heat ;, the compound is fluid at the temperature of its 
formation ; but, when cool, it appears as a solid tnetal, 
similar in colour to silver. If the quantity of the basis 
of potash is still farther increased, so as to be about 
x>ne thirtieth the weight of the mercury, the amalgam 
increases in hardness and becomes more brittle. The 
'^lid amalgam, in which the basis is in the smallest 
proportion, seems to consist of about one part in weight 
of basis, and seventy parts of mercury, and is very 
soft and malleable. 

When these compounds are exposed to air, they ra- 
pidly absorb oxygen ; potash, which deliquesces, is 
formed and in a few minutes the mercury is found 
pure and unaltered. 

When a globule of the amalgam is thrown into wa- . 
ter it rapidly decomposes it, wiih a hissing noise ; pot- 
■asb is formed, pure hydrogen is disengaged, tjid the 
mercury remains free. 

The fluid amalgam of mercury and this substance 
tlissolves all the metals I have exposed to it; and in 
this state of union mercury acts on iron and plat' 
When the basis of potash is heated with gold, oi 
ver, or copper, in a close vessel of ^\3it^ ^'^'^V ^ 
pid/y acts upon them ; and when vV^e c<iiK^wa» 
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thro\yn into \7ater, this fluid is decomposed, pcitaali 
formed, and the metals appear to be seperated unalter- 
ed. 

The basis of potash combines \irith fusible metal, 
and forms an alloy with it, which has a higher point of 
fusion than the fusible metal. 

The action of the basb of potash upon the inflamma- 
ble oily compound bodies, confirms the other facts of 
the strength of its attraction for oxygen. 

On naphtha^ colo.urless and recently distilled, as I 
have already said, it has very litde poorer of action ; 
but in naphtha that has been exposed to the air, it soon 
oxydates, and alkali is formed, which unites with the 
naphtha into a brown soap that collects round the glob- 
ule. 

On the concrete oils, (tallow, spermaceti, wax, for in- 
stance) when heated it acts slowly, coaly matter is de- 
posited, a little gas is evolved, and a soap is fonned ; 
but in tl)^se cases it is necessary that a large quantity of 
the oil be employed. On the fluid fixed oils it produces 
the same effects, but more slowly. 

By heat likewise it rapidly decomposes the volatile 
oils ; alkali is formed, a small quantity of gas is evolv- 
ed, and charcoal is deposited. 

When the basis of potash is thrown into camphor in 
fusion, the camphor soon becomes blackened, no gas 
is liberated in the process of decomposition, and a sapo- 
naceous compound is formed ; which seems to show 
that camphor contains no more oxygen than the volatile 
oils. 

The basis of potash readily reduces metallic oxyds 
when heated in contact with them. When a small quan- 
tity of the oxyd of ii*on was heated with it, to a tem- 
perature approaching its point of distillation, there was 
a vivid action ; alkali and grey metallic particles, which 
dissolved with effervescence in muriatic acid, appeared. 

The oxyds of lead and the oxyds of tin were revi- 
ved still more rapidly ; and when the basis of potash 

as in excfcss, an alloy was formed with the revived 
>»ietal. 

/ In consequence or iVm ^vo^^vty the l^asis of potash 
J'eadily decomposes ^iwx. ^\^«k^ ^^4. %\^^\v ^^^ V^.^ ^ 
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mfle beat ; aDufi is hnmrdiatdy fonned by osjgeii 
nam the oxjrds, which (fisaolTcs the gUss» and a new 
lar&ce is soqd exposed to the agent. At a red heat 
efen the purest glass is altered l^ the basis of potash : 
the oxygen in the alkali of the glass seems to be di%-id* 
ed between the two bues» the basis of potash and th« 
alkaline basb in the glass and ox jds, in the first degree 
of oxy^natton, are tlie resulL When the bans of 
potash b heated in tubes made of plate glaasi filled 
with vapour of naphtha, it first acts upon the small 
quantity of oinrds of cobalt and manganese is the into* 
rior sur£ice of the glass, and a portion of alkali is form* 
ed. As the heat approaches to redness it begins tif 
rise in vapour, and condense in the colder parts of the 
tube ; but at the point, where the heat is strangest, m 
part of the va^xmr seems to penetrate the glass, ren« 
deling it a deep red-brown colour ; and by repeatedly 
dstilling and heating the substance in a close tube of 
Uds kind, it finally loses its metallic form, and a thick 
brown crust, which slowly decomposes water, and which 
eoo^nes with oxygen when exposed to air, forming 
aika^ fines the interior of the tidie, and in many parts 
is foimd penetrating through its substance. 

The basis of soda, is solid at common temperatures. 
It Is white opaque, and when examined under a film of 
naphtha has the lustre and general appearance of silver. 
It IS exceedingly malleable. Its specific gravity is less 
than that of water about 9 to 10, or, 9348 to I. 

The basis of soda has a much higher point of fuuon 
than the baus of potash, its chemical phenomena are 
analogous to those produced by the basis of potash. 
. The proportions of the peculiar basis, and oxygen 
in potash and soda are, about six parts basis and one of 
oxygen in potash, and seven parts of basis and two of 
oxygen in soda. 



PKEVMATIC CISTERN of Yjls Collb 
An instrument has been for sev^ta\ >}tvt% vn« 
Jaboratory of Yah College, for ex\^t\tacoxV\tv v 
vajr, 00 the gases which walct Aoe^ tioX T^V^Civj 
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which has been found to be more convepient and'epm? 
plete than any other arrangement of apparatus for sTr 
milar purposes. The only instrument of the kind 
which has ever been constructed, was manufactured - 
in Newr Haven. [^See Fronti^ec^!] Being calculated 
for an extensive course of public lectures, clelivered in 
a laboratory where there is plenty of roomr its dinen* 
sions are larger than might be worth while in establish-. 
'jnem$ on a smaller scale. It forms that of a parallel* 
opipedon, 7 1-8 feet long, 3 feet wide, and 3 feet 3 inches, 
deep, without allowing for the two inch pioe plank of 
which this part oi the instrument is constructed. The 
several planks and parts are connected by grooves and 
tongues, and bound together by iron reds, passing lat- 
erally through them, and terminating in screws furmsh- 
ed witjft nut. The interior part is furnished vdth twa . 
shelves, [A. A. A. A/] each two feet six inches long^ for 
sustaining air- jars and bell-glasses; the middle space 
between these is one foot eight inches wide, and forms T 
a well [H] for immersing the bell-glasses-) across this. , 
well is placed a sliding shelf, [G] with three inverted 
shallow tin funnels beneath it, corresponding with as 
many holes for receiving and transferring gases. Thus 
far, it is obvious that the instrument is only a very ex- 
tensive pneumatic cistern, and has na superiority over 
those commonly in use, except from its affording ample - 
space for a very important and interesting class of ex- 
periments, which are much more impressive and con-- 
vincing to a large audience, when perlorraed on a large 
scale. There are, however, a number of additional . 
contrivajpces. Beneath each of the shelves are two in- 
verted rectangular boxes, [shewn by dotted lines at I. I. 
and under A A.A.A.] made of thin pine plank, dwetail- - 
ed together at the angles, eniircly open below, and at- 
taclied to tlie inferior side of the shelves by tongues, . 
PTooves, and wood-screws. These boxes are twelve 
inchcvS deep, of the capacity of about 1 2 gallons each 
and occupy the whole space beneath the shelves except 
7,5 inches at each end of the cistern, and nine inches 
between the bottom of the boxes and the bottom of the 
cistern. This \atlev spsice \^"i^?»^\Ne.^\o^\\^ \qoto for the 
action of three pair oi V\7ATo?>V«x\c>a€V\w*^,\\^.^;\'\\«:\. 
*Ee n^pde of leaiher, nvx\\t^\ Vi>\3a^\i^vvQ\B.5>'^^>Jc^A:^^^^ 
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d&rtended by circular iron ringXi and attached by nail^ 
to a thick circular plank which serves as a top, and which 
18 moved up and down by an iron rod connected with 
ao iron lever« [C.C.C.] which rests on a forked iron sup* 
port) attached to the upper edge of the end of the cistern. 
The bellows are so placed, that nearly one half projects 
beneath the boxes, which we may call resenoirs ; the 
ether part is beneath the open space which lies between 
the end of the reservoirs and the end of the cisteiD, 
and the rod of the bellows perforates the shelf imme- 
dSately at the termination of the box and contiguous to 
ity but does not pass through the box, which must be 
air-tight At the edge of that part of the bellows 
which projects beneath the reservoir, is a valve open- 
ing upward ; in the centre of the bellows and on 
the' bottom of the cistern* which is also the bottom of 
the bellows, is another valve opening upwards, covering 
an orifice which is connected with a duct, leading out 
laterally, through the plank, edgewise, to the atmos- 
phere. Into this duct is inserted a copper tube, [D.O.] 
consisting of two parts, one of which forms merely u 
portion of the duct, being driven into it so that it forms 
a perfectly tight connection ; the other part is soldered 
to this at right angles, and ascends in close contact with 
thtf outside of the cistern, till it rises two inches higher 
than its upper edge, and there it opens in an oiifice 
somewhat dilated. Each of the four reservoirs may be 
considered as furnished with the apparatus of bellowsi 
duct, vjlvcs, and tube ; although in ^e instrument to 
which this description refers, there are in fact but three 
bellows, &c. one reservoir being destitute of them. It 
remains to be remarked, that each reservoir is furnish- 
ed with a stop-cock, which lies horizontally upon the 
shelf and partly imbedded in it, and passes into the re* 
servoir by a short tube of copper, soldered at right an- 
gles with the cock. The cocks of the two contiguous 
reservoirs are placed parallel to each, other and to the 
sides^of the cistern, and immediately contiguous to the 
partition which scperates the reservoirs, and they p*^ 
connected by a third stop-cock soldered to each of tl 
opening in both by proper ori&ceS) »xvd X\v\x<% ^fcri 
yAeh occaalon requires, to connect \X\e ie'«iri«atfc. 
ia &ct, to convert two into one. TYoow^ t»s^ ^ 
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shelves, st the angles of the two resenroirs which are.-, 
contiguous at once to that side of the cistern which may 
be regarded as its back part, and to the well, a hole is . 
bored into the reservoir for the insertion of a copper 
tube [£ Cj for a blow-pipe. These tubes are so form- 
ed, tlMt while one part t$ pressed firmly into the .hole so 
as to be air-tight, another part, at right angles with the 
first, and bending in a pretty large curve, terminates in . 
a trumpet like orifice, adapted to the insertion of a cork. 
Immediately beneath these two orifices is a table, [F.] 
attached by hinges to the side of the cistern, to sustain . 
a lamp for the blow- pipe ; when not in use, it hangs by. 
the side of the. cistern, and is raised occasionalty, as it . 
is wanted. 

To an intelligent chemist, it will be obvious from an- 
attentive perusal of the description, that tins instru-- 
ment will afford all the following advantages. 

1. It is an extensive pneumatic cistern^ with every, 
common convejiience, on a large scale. 

2. By the bellows and their appendages, common.. 
air may be thrown into the rescnoirs, by v^hich means, 
the height of the water on the shelves may be iiicreas- 
ed at pleasure, when it is too low. 

3. IJy permitting a poriion of this air to escape, by. 
opening one of the horizontal cocks, the height of the 
water on the shelves may be diminished at pleasure ; 
thus we have means of graduating the height of the. 
water precisely to our purpose without lading it out or . 
in. 

4. We have four capacious air-holders in the very 
place where the gases are produced, viz, in the pneu- - 
matic cistern ; thus, four (lifferent kinds of gases may 
be stered away under water in a space otherwise use- 
less. For instance, common air, for regulating the 
height of the water, or, for the blow pipe, may be irm 
one reservoir : oxygen gas in a second, hydrogen ga^ 

1 a third, and olefiant gas in a fourth, and they ma^' 
thus reserved for future use. 

5. The gases may. be drawn^ ofl^for use into belL^ — 
^asses, merely by bringing those, bell- glasses, fillec^ 

water, over iVve Yionzotw^ c^Ol^. 

li is otrvms ^^^^X ^V^ ^^^^ i^^i^iNwt^ %5l^\sv ^s&^ 

r. 
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fturiar^ gnmneten; tber vaat ncxhioi^ to cniitle 
diem tothiftchaTtfCiert except n ^z^> whicii « nxxlermtc 
tkarc of iogeniiitj would easily advpi lo them ; the gas- 
tes may be de&rered m^o them at once by crooked tubes 
pasiiog from the gaft-botties. and jidj gas cootained in a 
bell-glasa may be thrown i&io a reserroir, bj a sin{^ 
stroke of the bellows. For this purpose a crooked tube 
coooected wkh that which leads to ;he bellows and tcr- 
minatiog in the well beneath an air j«r, is all that isne* 
cessarjr. Or, by baring the arm. the gas may be thronn 
up by the hand, into Oie reservoirs, the jar being pu:>hcd . 
down through the water. 

- 7. It afibrdsan ezcei«er.t biow-pipe for comnxm pur- 
poses and Cor the firje e::perinr.en:s with oxygen gas ; 
and, by fi'ttngto it Mr. ILire's ?ery ingenious apparatus. 
of the silver cylinder, il becomes the comfiound blvw-pifiCt 
ibr the iu%'eDiion sinci application of which he deserves 
so much credit. By the same contrivaiKe water is form- 
ed with the greatest faciliiy by burning the two gasses 
as they come from their respective reservoirs, and issue 
at the common orificei coveting the flame with a rccci- 
Ter. 

8. The inflammable gasses being confined beneath the 
pressure of water, will issue at any orifices, where they 
are permitted, and thus all the ornamental as well as 
useful purposes to which the combustion of these gas* 
ses is applied, may be exhibited ; particularly, the gas 
fcom fossil coal may be made to burn in rcvulving jets, 
Ktars, and other fanciful and useful forms, merely by 
substituting for a blow-pipe tube, the appai*atus proper 
for this exhibition. . 

All these purposes, this instrument has fully answer- 
ed duiing several ye:^rs ; and it may be conlidcntiy re- 
commended to lecturers on chemisti y, and, on a small- 
er scale would be very valuable to a private chemiat. 
A forcing. pump might be. substituted for the bcilows, 
witli the saving olf the space which the bellows occupyi 
but it would be probably less convenient in practice. 
■ Thisr first idea of. this instrument was suggested bv 
Mr. Hare's compound blow- pipe* Bcinjij incnt>« 
to that gentleman,, the subject was ^vosecutcd \w 
mon, and so fav matured that it yjw 'O&ctVi^x^^ ci? 
i^r tbe writer, B. Silliman, 
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MANrTPACTURE of MmERAL WATERS: 

Tks extensive utility of many of the natural mineral 
ifaters has been long established by the experience of 
' mankind, and sanctioned by the opinions o£ the first 
medical practitioners of every enlightened country.— ^ 
The accurate analysis of ^ all the most important and 
most celebrated mineral waters has been aecomplishedy. 
by men competent to the task ; and we are thus in* 
formed not only concermng the nature, but the firofior* 
tion of the ingredients which they contaiif. They 
are either solid substancea, such as water can dis- 
solve, or ga9e9 capable of being combined ^th this 
fluid. To both of these the mineral waters owe their 
medicinal powers, and to the latter alone, and chiefty to 
the carbmik add, the peculiar activity, briskness and 
pungency. 

In the manufacture of artificial mineral waters, the 
original water is perfectly imitated, by the addition of 
all the ingredients in the proper proportions ;. and the 
gas, by a peculiar and very powerful apparatus is after- 
wards forced in, till the waters acquire a degree of 
briskness and activity far surpassing any thing which 
they ever exhibit in nature. The impression enter- 
tained by some, that a perfect imitation of the native 
mineral waters is impossiblei is therefore equally con- 
trary to the decision of good sense, as it is repugnant 
to experience ; for in London, in Paris, and in many 
other great towns, artificial mineral waters are thus 
fabricated ;. and used to a great extent. 

In the artificial waters, we always have it in our pow- 
er, to leave out noxious, or useless ingredients ; tQ, 
substitute others, and to vary the proportions at pleasure. 

Every species of mineral waters whatever, can be 
prepared by art, but the piincipal ones that have been 
attempted in this country, are the fiallstown,. Soda, and 
the Seltzer waters. 

BALLSTOWJSr WATER. 

The Ballstown vraXet \^ \?t\\ tavowti in the United 
States as a gentle c«xYiw\\ov— «JCl^^^X!*^ ^wix^^^t— ''^^^^ 



medy against gravelly complaintS)-^ tonic to tlier 
stomach, and generally to the system ; not to mention 
lis efiioacy against rheumaticy and cutaneous complaints, 
when applied externally, as well as internally. It re* 
mains to be added, only, that the artificial Ballstown 
tvater Is found by experience to produce the effects of 
the natural water x it is however more powerful, and 
therefore an equal quantity produces more marked, 
effects. 

son J WATER. 

The Soda water is not an exact imitatioQ of any natii*^ 
ral water, but has been directed by medical men as a* 
remedy in a number of common and troublesome com- 
plaints. It is ordered in the pharmacopeias and dis- 
pensatbries, and their prescriptions should be followed^ 
in this manufacti^re. It is a complete remedy against 
sourness of the stomach, comrmonly called heart-bum, 
and ID most cases of indigestion and weakness of the 
stomach it is very useful ; gradually restoiing the appe«^ 
tite, and with it the tone of the organ ; it is a prevent* 
adve, of many of the diseases of the stomach and bow-- 
els, which proceed from acidity, and for the same reaf» 
son it often removes or prevents the sick head-ache. 

As a palliative, and even .a remedy, in some cases oT* 
uiiaary calculi and gravelly complaints, it is preferable, 
to the Ballstown water. It may prevent, arrest, retard^. 
mt remove the complaint according to circumstances. 

The Soda water is also very refreshing, and to most 
persons a very grateful drink, especially after heat and; 
&tigue, and may be made a complete subsutute for the 
beyerages of. which ardent- spirits form a part.— With s 
wine and sugar it is very grateful. 

SELTZER WATER. 
The Seltzer water has long been known, and is one of. 
the most famous of the natural mineral waters of Eu- 
rope. On account of its agreeable taste, and exhilira- 
ting effects, it is largely used at table, and as a beve 
at all hours. It is a diuretic, and possesses cons 
\Ae e&cacy in nejihictic and uvinar^ cotcvvVaivcwV 
very useful against bilious and dys^^eplic ^S^oCvi 
MMjnanjr cases of. cutaneous eru^Uou^. 
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It ponesses a peculiar poirer of allayiiig feYerish if^ 
litation, and has done much service in slow hectic fisfers ; 
it mixes well with milk, aid is thus used whh advantage 
by hectic patientst^— It is used idso wkb sugar and wine. 
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DYEING. 



Ths subslmces commably employed Cor clothing 
may be reduced to fBor ; nainelyy wool, liik, cotton, ana 
linen. 

Pennanent alteratioDt in the colour of cloth can only 
be induced two ways ; either by producing a cheniical 
change in the cloth, or by covering its fibres with son>e 
substance which possesses the wished for colour. Re- 
course can strldom or never be had to the first method, 
because it is hardly possible to produce a chemical 
change in the fibre of cloth without spoiling its- texture 
and rendering it useless. The dyer, therefore when 
he wishes to give a new colour to cloth, hat always re* 
course to the second method. 

The substances emptoyed for this purpose are called 
i:(dourmg matters^ or dye 9tvff: They are for the most 
part extracted from animal and vegetable substances, 
and have usually the colour which they intend to give 
to the cloth. 

Since the particles of colouring matter with which 
cloth, when dyed, is covered, are transp>arent, it fol- 
lows, that all the light reflected from dyed cloth must 
be reflected, not by the dye stuff itself, but by the fibres 
of the cloth below the dye stuff. The coloar therefore 
does not depend upon the dye alone, but also upon the 
previous colour of the cloth. If the cloth be blacky it 
is clear that we cannot dye it any other colour whatev- 
er ; because as no light in that case is reflected, none 
can be transmitted, whatever dye stuff we employ. If 
the cloth were red, or blue, or yellow, we could not dye 
it any other colour except black ; because^ as oul^ 
«r Wue, or yellow rays were rtfecVitd, tvo fjJOcv^x ' 



%e transmitted. Hence the importance of a fine whitfe 
colour, vfhcn cloth is to receive bright dyes. It then 
reflects all the rays in abundance, and therefore any 
colour may be given, by covering it with a dye stuff 
VFhich transmits only some particular rays. 

If the colouring matters vrefe merely spread over 
the surface of the fibres of cloth by ihfe dyer, the 
colours produced might be very bright, but they could 
not be permanent : because the colouring matter would 
be very soon rubbed off ; and would totally disappear 
whenever the cloth was washed, or even barely expos- 
ed to the weather. The colouring matter then, how- 
ever perfect a colour it possesses, is of no value, unless 
it also adheres so firmly ^o the cloth that none of the 
substances usually applied to cloth, in order tot:lean it, 
&c. can displace it. Now this can only happen, wheti 
there is a strong affinity between the colouring matter 
and the cloth, and when they are actually combined to- 
gether inconsequence of that affinity. 

Dyeing then is merely a chemical process^ and con* 
sists in -combining a certain colouring matter with fibres 
of cloth. This process can in no instance be perform- 
ed, unless the dye stuff be first reduced to its integrant 
particles ; for the attraction of aggregation between 
the particles of dye stuffs, is too great to l>e oveicome 
by the affinity between lliem and the cloth, unless they 
could be brought within much smaller distances than 
is possible while they both remain in a solid form. It 
is necessary, therefore, previously to dissolve the colour- 
ing matter in some liquid or other, which has a weak- 
er affinity for it than the cloth has. When the cloth is 
dipped into this solution, the colouring matter, reduc* 
ed by this contrivance to a liquid slate, is brought with- 
in the attracting distance ; the cloth therefore acts upon 
it, and fiom its stronger affinity, lakes it from the sol- 
vent and fixes it upon itself. By this contrivance too, 
the equality of the colour is in some measure secured, 
as every part of the cloth has an opportunhy of attract- 
to itself the proper proportion of colouring parti* 

he facility with which cloth imbibes a dye, depends 
two things *, n«xme\Y>V\v^^vkVoj \^^v«^^\w^^0«i«5^ 




-iiDd the dye stuff, and the affinity between the dye stuff 
and its solvent. It is directly as the former, and in- 
versely as the latter. It is of importance to preserve 
A, due proportion between these two aflinities, as upon 
that proportion much of the accuracy of dying depends. 
If the affinity between the colouring matter and the 
cloth be too great, compared with the affinity between 
the colouring matter and the solvent, the cloth will take 
the dye too rapidly, and it will be scarcely possible to 
prevent its colour from being unequal. On the other 
hand, if the affinity between the colouring nutter and 
the solvent be too great, compared with that between 
the colouring matter and the cloth, the cloth will either 
not take the colour at all, or it will take it very slowly 
and very faintly. 

Wool has the strongest affinity for almost all colour- 
ing matters ; silk the next stongest, cotton a conside- 
rably weaker affinity, and linen the weakest affinity of 
all. Therefore in order to dye cotton or linen, the dye 
stuff should in many cases be dissolved in a substance 
lor which it has a weaker affinity than for the solvent 
employed in the dyeing of wool or silk. Thus we may 
use oxyd of iron dissolved in sulphuric acid, in order ^o 
dye wool ; but for cotton or linen, it is better to dis- 
solve it in acetous acid. 

Were it possible to procure a sufficient number of 
colouring matters, having a strong affinity for cloth, to 
answer all the purposes of dyeing, that art would be ex- 
ceedingly simple and easy. But this is by no means 
the case ; if we except indigo, the dyer is scarcely pos- 
sessed of a dye stuff which yields of itself a good colour^ 
sufficiently permanent to deserve the name of dye. 

This difficulty, which at first sight appears insur- 
mountable, has been obviated by a very ingenious con- 
trivance. Some substance is pitched upon, which has a 
-strong affinity, both for the cloth and the colouring mat- 
ter. This substance is previously combined with cloth, 
which is then dipped into the solution containing the dye 
stuff. The dye stuff combines with the intermediate 
substance, which, being firmly combined with the cloth, 
secures the permanence of the dye. Substances ^ 
ployed for this purpose are denooAiVdkVe^ moTdani%* 



The most important part of dyeing, is undootedly the 
proper choice, and the proper application of monfants, 
as upon them, the pennanencj of almost crery dye de- 
pends. Every thing which has been said respecting the 
application of colouiing matters, applies equally to the 
application of mordants. They most preTioualy be dis- 
solved in some liquid which has a weaker affinity to 
them than the cloth has to which they are to be applied ; 
and the cloth must be dipped, or even steeped in this so- 
lution, in order to saturate itself with the mordant 

Almost the only substances used as mordantSy are 
earthy metalic ox yds, tan, and oil. 

Of earthy mordants, the most important, and roost 
generally used, is alumine. It is used cither in the 
state of common alum, in which it is combined with sul- 
phuric acid, or in that of aceiite of alumine. 

Mum^ when used as a mordant, is dissolved in water, 
and very frequently a quantity of tartar is disserved 
along with it. Into this solution the cloth is put, and 
kept in it till it has absorbed as much alumine as is ne- 
cessary. It is then taken out, and for the most part 
washed and dried. It is now a good dciil heavier than 
it was before, owing; to the alumine which has combined 
with it. The tartar serves two purposes ; the potash 
which it contains combines with the sulphuric acid of 
the alum, and thus prevents that very corrosive sub- 
stance from injuring the texture of the cloth, which oth- 
erwise might happen ; the tartareous acid, on the other 
hand, combines with part of the aluir.ine, and forms a 
tartrit of alumine, which is more easily decomposed by 
the cloth than alum. 

Acetite of Alumine has been but lately introduced into 

dying. This mordant is now prepared by pouring ace- 

tite of lead into a solution of alum ; a double decompo- 

^^^ sition takes place, the sulphurous acid combines with 

^^fc the lead, and the compound precipitates in the form of an 

( ^B insoluble powder, while the alumine combines with the 

I acetous acid, and remains dissolved in the liquid. This 

W mordant is employed for cotton and linen, which have 

a weaker affinity than wool for alumine. It answers 

'ich better iViarv ^\v\tu •, VV^ c\caN\\^ xwix^ easily satur- j 
d with aluuAne, t^u^ X^Vt^\\\ coxv^^^«WL^^\*i^'v \ 
^Jier and a Yiv..vc ^eivcv^x^ctvVcoXwv^. 



Reside* alumine, lime is somctimcb used uh a mordant. 
Cloth lias a strong enough uflTinity for it ; Init, in geiic- 
raly it does not answer so well, as it docs not ^ive sf> good 
a colour. When uscd» it is eitlier in the -stute of lime 
water* or of sulphat of iimc dissolved in water. 

Almost all the metalic oxydst have an afTiiiity for cloth» 
but only two of them are extensively used as morduntS} 
namely I the ox yds of tin^ and of iron. 

The oxyd qf tin was first introduced into dyeing by 
KusTEHi a German chemist, who brought the secret to 
London in 1543. This period forms an era in the hisv 
tory of dyeing. The ox)d of tin has enubled the mod- 
erna greatly to surpass the ancients iu the fineness of 
\hm cokMira ; by means of it alonC) aca^U-t^ the blights 
est of all colours \i produced. 

Tin, as Proust has proved, is capable of two degrees 
of oxydation. The first oxyd is composed of 0. 70 
parte of tin, 0. 30 of oxygen ; the second, or \vhi:c oxydi 
of 0. <K) parts of tin, and 0. 40 of oxygen. The firbt oxyd 
absorbs oxygen with very great facility, even from the 
air^ and is rapidly converted into wliiic oxyd. This fact 
makes it certain, that it is the white oxyd of tin alonc^ 
which is the real mordant ; even if the other oxyd were 
applied to cloth, as it probably often is, it must soon be 
converted into white oxyd, by absorbing oxygen from 
the atmosphere. 

Tin is used as a mordant in three states ; dissolved 
into nitro muriatic acid, in acetous acid, and in a mixture 
of sulphuric and muriatic acids. Nitro muriat of tin 
is the common mordant used by dyers. They prepare 
it by dissolving tin in diluted nitric acid, to which a cer- 
tain proportion of muriat of soda, or of ammonia is ad- 
ded. Part ef the nitric acid decomposes these sails, 
combines with their base, and sets the muriatic acid at 
liberty. They prepared it at first, with niii ic acid alone, 
but that mode was very defective, because the nitric acid 
very readily converts tin to white oxyd, and then is in- 
capable of dissolving it. The consequence of which 
was, the precipitation of the whole of the tin: To rem- 
edy this defect, common salt* or salt ammoniac, was ve- 
ry sooQ added ; muriatic acid having ihe ^to^erty of 
4iis9Qlving white oxyd of tin \cr^ i<idCi\\^* N.^^\i»!^* 



iMe saving of nitric acid might be obtained by emplev* 
ing as much sulphuric acid as is just sufficient to satur« 
ate the base of the common salt» or sal ammoniac em- 
ployed. 

When the nitro muriat of tin is to be used as a mor- 
dant, it is dissolved in a Urge quantity of water, and the 
cloth is dipped in the solution, and allowed to remain till 
sufficiently saiu rated- It is then taken out and washed 
and dried. Tartar is usually dissolved in the water 
along with the nitro muriat. The consequence of tbii 
is a double decomposition, the nitro muriatic acid com- 
Innes with the potash of the tartar, whilst the tartareous 
acid dissolves the oxyd of tin. When tartar is U8cd» 
therefore, in any considerable quantity, the mordant ii^ 
not a nitro muriat but a tartrit of tin. 

Iron, like tin, is capable of two degrees of ozyda- 
tion ; but the green oxyd absorbs oxygen so readily^ 
from the atmosphere, that it is very soon cooTerted 
into the red oxyd. It is only thb last oxyd which is 
really used as a mordant in dyeing. The gjeen oxyd 
is indeed, sometimes applied to cloth ; but it very soon 
absorbs oxygen, and is converted into the red oxyd.— » 
This oxyd has a very strong affinity for all kinds of 
cloth. The permanency of the iron spots on linen and 
cotton is a sutlicient proof of this. As a mordant, it is 
used in two states : in that of snlphat ot iron, and 
acetite of iron. The first is commonly used for wool. 
The salt is dissolved in w:\tcr, and the cloth dipped in 
it. It may be used aUo fur cotton, but in most cases 
acetite of iron is preferred. It is prepared by dissolv- 
ing iron, or its oxyd in vinegar, sour beer, &c. and the 
longer it is kept, the more it is preferred. The rea- 
ls, that this mordant succeeds best when the iron is 
state of red oxyd. It would be better then to 
te the iron, or convert it into nist, before using 
hicli might easily be done, by keeping it for some 
in a moist place, and sprinkling it occasionally with 
er. 

» a very strong affinity for cloth, and for se- 
ng matters ; it is therefore very frequently 
< a tooycVat^I. Kw \T\S.\3««i\v <i^ tiut-ga/Zi, or 
^X any ovher suVi^Vcciv^^ ^QKi&»H\\\i^^ vasta^*^ 




made In watery and the cloth is dipped in this infusloiif 
and allowed to remain till it has absort)ed a sufficient, 
quantity of tan. Silk is capable of absorbing a very 
great proportion of tan, and by that mcuns acqnires a 
great increase of weight. Manufacturers sometimes 
employ this method of increasing the weight of silk* 

Tan is often employed also, along with other mor- 
dants, in order to produce a compound moixlunt. Oil 
is also used for the same purpose, in the dyeing of 
cotton and linen. The mordants with which tan most 
frequently is combined, are alumine and oxyd of iron* 

Besides these mordants, there are several other sub- 
stances frequently used as auxiliaries, either to facili- 
tate the combination of the mordant with the cloth, or 
to alter the shade of colour ; the chieC of these are^ 
tartar^ acetite q/ kady cominon talff sal ammoniacj sulfihat 
or acettte of cofifitr^ ^c. 

Mordants not only render the dye permanent, but 
have also considerable influence on the colour produ- 
ced. The same colouring matter produces very dif- 
ferent dyes, according as the mordant is changed. Sup- 
pose, for instance, that the colouring matter be cochi- 
neal ; if we use the aluminous mordant, the cloth wiH 
acquire a crimson colour ; but the oxyd of iron produ- 
ces with it a black. 

In dyeing then it is not only necessary to procure a 
mordant whicli has a sufficiently strong ufiinity for the 
colouring matter and the cloth, and a colouring matter 
which possesses the wished for colour in perfection, 
but we must procure a mordant and a colouring matter 
«f such a nature, that when combined together^ they 
4»hall possess the wished for colour in ]}erfection. It is 
-evident too, that a great variety of colours may be pro- 
duced with a single dye stuff, provided ue can change 
^he mordant sufficiently. 

The colouring matter with which the cloth is dyed, 
does not cover every portion of its surface ; its parti- 
cles attach themselves to the cloth at certain distances 
from each other ; for the cloth may be died diflerent 
shades of the same oolour, lighter or darker, n^ 
by varying the qvjantity of colomiu^ xu^XVw. 
ji small qmadty, the shade U \WVix *, wOl \\ \) 
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' deeper as the quantity increases ; now this would be 
impossible, if the dye stuff covered the whole of the 
cloth. 

That the particles of colouring niatter« eten when 
the shade is too deep, are at some distance* b evident 
from this well known fact, that cloth may be dyed two 
colours at the same time. All those colours to which 
the dyers give the name of eomfiound, are. in fact two 
different colours applied to the cloth at once. Thus 
cloth gets a ^r^en colour^ by being dyed first blue and 
then yellow. 

The colours denominated' by dyers wmfUe^ because 
ihey are the foundation of all their other processes, are 
four; namely, first, 6/i^; second, yellow; third, red;. 
fourth, black. To these they usually add a fifth, under 
the name of root or ifrown colour. 

0/ Dyeing Blue. 

The only colouring matters employed in dying blue) 
are nvoad and indigo. 

Wood is a plant cultivated in this kingdom, andeveD' 
growing wild in some parts of England. 

IndigQ is a blue powder, extracted from a species 
of plants which is cultivated for that purpose in the 
East and West Indies. These plants contain a pecu- 
liar green pollen, which in that state is soluble in water. 
This pollen has a strong affinity for oxygen, which it 
attracts greedily from the atmosphere ; in consequence 
of which it assumes a blue colour, and becomes iosolu* 
ble in water. 

Indigo has a very strong affinity for wool, silk, cot- 
ton and linen. Every kind of cloth, therefore, may 
be dyed with it, without the assistance of any mordant 
lirhatever. The colour thus induced is very perma- 
nent ; because the indigo is already saturated with ox« 
ygen, and because it is not liable to be decomposed by 
those substances, to the action of which the cloth is ex- 
posed. But it can only be applied to cloth in a state 
of solution ; and the only solvent known being sulphu- 
I'ic acid, it would seem at first sight, that the sulphu- 
ric acid solution U th^ quIy «Ute iu « hich indigo caa be 
cniployed aa * ^5^» 



The tulfihat of indigo it indeed often used to dye 
irvool and silk blue; but it can scarcely be applied- 
to cotton and linen, because the affinity of these sub- 
stances for indigo it not great enough to enable ihem 
readily to decompose the sulphat. The colour given 
by sulphat of indigo is exceedingly beautiful ; it is- 
known by the name of Saxon biue^ 



V 



0/ Dyeing Yellow, 

The principal colouring matters for dyeing yellow 
are weld* fustic, and quercitron bark. 

JVeld is a plant which grows in this country. 

Fustic is the wood of a large tree which grows in the 
West ludies. 

Quercitron is a tree growing naturally in North Amer- 
ica, the bark of which contains colouring matter. 

The yellow dyed by means of fustic is more perma- 
nent, but not so beautiful as that given by weld, or quer- 
citron. As it is permanent, aiKl not much injured by 
acids, it is often used in dyeing compound colours where 
a yellow is required The mordant is alumine. When 
the moreant is oxyd of iron, fustic dyes a good perma- 
nent drab colour. 

Weld and quercitron bark, yield nearly the same kind 
of colour ; but as the bark yields colouring mutter in 
much greater abundance, it is much more convenient, 
and upon the whole cheaper than weld. It is propable^ 
therefore, that it will gradually supercede the use of 
that plant. The method of using each of these dye< 
ttufis is nearly the same. 

Of Dyeing Bed, 
The coTburing matters employed lor dyeing red, are 
kerrnesy cocMnecUi archil^ madder^ cartAamua, and BraziU 
wood. 

Kermes is a species of insect, affording a red colour 
by solution in water ; tuit it is not so beautiful as cochi- 
neal, which \% likewise an insect found in America.-— 
^Thc decoction of cochineal is a very beautiful crimson 
eolour Alum brightens the colour of the decc 
Jttd occasions a crimson precipVx«i\t, '^>\m\. ^ ^ 
« copious fine- red precipim©. 
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A^rchH, is a paste formed of a species of lichen pound- 
•«c1, and kept moist for some time with stale urine. 

Madder is the root of a well known plant. 

Carthiimus is the flower of a plant cultivated in Spain 
and the Levant. It contains two colouriofg matters ; a 
yellow, which is soluble in water, »nd a red, insoluble in 
water, but soluble in alkaline carbonats. The red col- 
ouring matter of carthamus, extracted by carbonat of 
soder, and precipitated by lemon juice, constitutes the 
rouge used by ladies as a paint. It is aftei wards ground 
^ith a certain quantity of talc. The fineness of the talC| 
and the proportion of it mixed with the carthamus, oc- 
casion the diBcrence . between the cheaper and dearer 
kinds of rouge. 

Brazil wood, is the wood of a tree growing in Amer- 
ica and the West Indies. Its decocdon is a fine ced 
colour. 

None of the red colouring matters have so strong an 
afBnity for cloth as to produce a permanent red, without 
the assistants of mordants. The mprdants employed 
jare alumine, and oxyd of tin ; oil, and tan, in certain pro- 
cessesi are also used ; and tartar and muriac of soder 
.arc frequently called in as auxiliaries. 

Wool may i)e dyed scarlet, the most splendid of all 
colours, by first boiling it in a solution of murio sul- 
pliat of tin, then dyeing it pale yellow with quercitron 
bark, and afterwards crimson, with cochineal : for 
scarlet is a compound colour consisting of crimson mix- 
ed with a little yellow. 

Silk is usually dyed red with cochineal, or cartha« 
inus, and sometimes with Brazil wood Kermes does 
not answer for silk ; madder is scarcely ever used for 
that purpose, because it does not yield a colour bright 
enough. Archil is employed to g^ve silk a bloom ; but 
it is scarcely used by itself, unless when the colour 
^^^HMvnted is lilac. 

^^pilk may be dyed crimson by steeping it in a sola- 

p of alum, and then dying it in the usual way in a 
^hineal bath. • 

■Silk cannot be dyed a full scarlet ; but a colour ap- 

>acJiing to scarlet ma^v ^ g^^tik\x^\>^ ^^\SKs,^\:e^uft- 
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thig the stuff with murio sulpbat of tin, and afterward!!* 
dyeing it in a bath, composed of four parts of cochineal^ 
and four parts of quercitron bark. To give the colour 
more body, both the mordant and the dye may be re- 
peated. A colour approaching scarlet may be alsa 
given to silk, by first dyeing k crimson, then dyeing it 
%vith carthamus, and lastly, yellow without heat. Cot- 
ton and linen are dyed red wkh madder. The process- 
was borrowed from the East. Hence^ the colour is of» 
ten called Adrianople, or Turkey red. The cloth is 
first impregnated with oiI» then with galls, and lastly 
"with alum. It is then boiled for an hour in a decoction- 
of madder, which is commonly mixed with a quantity 
of blood. After the cloth is dyedi it is plunged into a 
soda ley, in order to brighten the colour. The red- 
given by this process, is very permanent, and when^ 
properly conducted, it is exceedingly beautiful. The 
whole difficulty consists in the application of the mor- 
dant, which is by far the most complicated employ edi 
in the whole art of dyeing. 

Of Dyeing Black, 

The substances employed to give a black colour t^* 
cloth are, red oxyd of iron, and tan. These two sub- 
stances have a strong affinity for each other ; and when 
combined, assume a deep black colour, not liable to be 
destroyed by the action o£ air or light. 

Logwood is usually employed as an auxiliaiy, be- 
cause it communicates lustre, and adds considerdbly to 
the fullness of the black. It is the wood of a tree which 
is a native of several of the West India islands, and of. 
that part of Mexico which surrounds the Bay of Hon- 
duras. It yields its colouring matter to water. The 
decoction is at first a fine red, bordering on violet ; but 
if left to itself, it gradually assumes a black colour. 
Acids give it a deep red colour ; alkalies a deep violet, 
inclining to brown ; sulphat of iron renders it as black 
as ink, and occasions a precipitate of the same colour. 

Wool is dyed'black by the following process : It is. 
boiled for two hours in a decoction of nut-galls, ao 
ter wards kept for two hours mote \ti ^W>\v ^a^ 
o£ JQg;woofl and sulphat of ironj Vwt^\. ^\rt\w^ >^^ 
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iime at a scalding heat, but not b(»kd. Duiing the o]^ 
eration it must be frequently exposed to the air ; be- 
cauise the green oxyd of iron, of which the sulpbat is 
composed, must be converted into red oxyd by absorb- 
ing oxyp:en, before the cloth can acquire a proper col* 
our. The common proportions are five parts of gaUsy 
fi\e of sulphat of iron, and thirty of logwood, for every 
hundred of cloth. A little acetite of copper, is com- 
monly added to the sulphat of iron, because it is thought 
to impi-ove the colowr. 

Silk is dyed nearly in the same manner. It is capable 
of combining with a great deal of tan ; the quantity giv» 
4fn is varied at the pleasure of the artist, by allowii^the 
silk to remain a longer or shorter time in the decoction* 

Of Dydng Compound Colours. 

Compound colours are produced by mixing together 
two simple ones ; or, which is the same thing, by dy- 
ing cloth first one simple colour, and then another,—* 
These colours vary to infinity, accor(fing to the propor- 
tions of the ingredients employed. They may be ar- 
ranged under the following classes : 

Mixtures of 1. Blue and yellow; 2. Blue and red; 
2. Yellow and red ; 4. Black, and other colours. 

Mixtures of blue and yellow. This forms green^ 
which is distinguished by dyers into a variety of shades, 
according to the depth of the shade, or the prevalence 
of either of the component parts. Thus we have 
tea-green^ grasa-green^ fieagreen^ &c. 

Wool, siik, and linen, are usually dyed green, 
by giving them first a blue colour, and afterwards dy- 
ing them yellow ; because, when the yellow is first 
given, several inconveniences follow ; the yellow part- 
ly separates again in the blue vat, and communicates 
a green colour to it, and thus renders it useless for ev- 
ery other purpose, except dyeing green. Any of the 
usual processes for dying blue and yellow may be fol- 
lowed, taking care to proportion the depth of the 
shades to that of the green required. When sulphat 
of indigo is employed, it is usual to mix all the ingre- 
dients together, and to dye the cloth at once ; this pro- 
duces what is knoNvn by vXv^tv^ta^ ^'^ ^aaeou^w Hm^u^ft, 
Sreen. 
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natures of Blue and red. These form difierent 
shades of violety purfilc^ and UUic* Wool is generally 
first dyed blue, and afterwards scarlet, in the usual 
manner. By means of cochineul mixed with sulphate 
of indigo, the process may be performed at once. Silk 
is first dyed crimson, by means of cochineal, and then 
dipped into the indigo vat. Cotton and linen are first 
dyed blue, then gulled, and soaked in a decoction of 
logwood ; but a more permanent colour is given by 
means of oxyd of iron. 

Mixture* of yellow and red. This produce^ orange* 
When blue is combined with red and yellow on cloth« 
the resulting colour is oUve, Wool may be dyed or- 
ange, by first dyeing it scarlet, and then yellow. When 
it is dyed first with madder, tlie result is cinrunnon col* 
our. 

Silk is dyed orange by means of carthamus ; a cin- 
namon colour by logwood, Brazil-wood, and fustic mix- 
ed together. 

Cotton aiid linen receive a cinnamon colour by means 
of weld and madder ; and an olive coluur, by being 
passed throug:h a blue, yellow, and then a madder bath. 

Mixtures of black with other colours^ These consli- 
iniG greysy diubsj and browns If cloth be previously 
combined with brown oxyd of iron, and afterwards dyed 
yellow with quercitron bark, the result will be a drab 
of different shades, according to the proportion of mor- 
dant employed. When the proportion is small, the 
colour inclines to olive or yellow ; on the contrary, the 
drab may be deepened or saddened^ as the dyers term 
it, by mixing a little sumach with the bark. 



Tanning is the art of converting the raw skins of 
animals into Leather. Skins are the general terip for the 
skins of calves, seals, hogs, dogs, &c. As the meth- 
ods of tanning in general use have been found tedious 
and expensive in their operation, various schemes, at 
different times, have been su^^e^l^d \a ^Vv'c^Wjefik. >J 
process and lessen the expense . 
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IJduch light has been thrown by modem chemists 
\ipon the theory of tanning. M. Seguin^ in France^ 
has particularly dbtinguished himself by his researches 
t)n this subject, and much improved the art in his 

<:ountry. 

A few years since W. I^smond obtained a patent 
for practising Seguin's method in England. He ob* 
tained the tanning principle by digesting oak bark, or 
other proper materials, in cold water, in an apparatus 
nearly similar to that used in the saltpetre works ; 
That is to say, the water which has remained upon the 
powdered bark a certain time, in one vessel, is drawn 
off by a cock, and poured upon fresh tan — this is again 
to be drawn off, and poured upon other fresh tan ; and 
in this way the process is to be continued to the fifth ves- 
sel. The liquor is then highly coloured, and marks 
from six to eight degrees upon the hydrometer for 
salts. This he calls the tanning lixivium. The crite- 
rion for ascertaining its strength, is the quantity of the 
solution of gelatine which a given quantity of it will 
precipitate. Isinglass is used for this purpose, being 
intirely composed of gelatine. And here it may be 
observed, that this is the mode of ascertaining the quan- 
tity of tanning principle in any vegetable substance, and 
consequently how far they may be used as a substitute 
for oak bark. 

The hides, after being prepared in the usual way, 
are immersed for some hours in a weak tanning lixivi- 
um of only one or two degrees ; to obtain which, the 
latter portions of the infusions are set apart, or else 
some of that which has been partly exhausted by use 
in tanning. The hides are then to be put into a strong- 
er lixivium, where, in a few days, they will be brought 
to the same degree of saturation with the liquor in which 
they are immersed. The strength of the liquor will 
by this means be considerably diminished, and must 
therefore be renewed. When the hides are by this 
means completely saturated, that is to say, perfectly 
J^tt^ they are to be removed, and slowly dried in the 

^ length of l\me tveet?is;xTY to tan leather com* 
I according to \l\e o\d ^^qc^^^-^ \^ ^^\vws^>j '%.^^»' 
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Vy gresit inconvenience ; and there is no doubt but that 
it may be much shortened by following^ the new meth- 
od. It has been found, however, that the leather so 
tanned has not been so durable as that which has been 
Tormed by a slower process. 

The public is much indebted to Mr. Davy, professor 
of chemistry in the Royal Insti tution, for the attention 
ivhich he has p'lid to the subject. From his excellent pa- 
per •* on the constituent parts of astringent ve;»etable3,*' 
in the Philosophical Transactions, we present the rcud- 
*er with the following extract. — 

^ The different qualities of leather made whh the 
same kind of skin, seem to depend very much upon 
the different quantities of extractive matter it contams. 
The leather obtained by means of infusions of galls, is 
generally found harder, and more liable to crack, than 
the leather obtained from the infusions of barks ; and 
in all cases it contains a much larger proportion of tan- 
nin, and a smaller proportion of extractive matter. 

" When skin is very slowly tanned in weak solutions 
of the barks, or of cutechu, it combines with a consid- 
erable proportion of extractive matter ; and in these 
cases, though the increase of the weight of the skin is 
comparatively small, yet it is rendered perfectly inso- 
luble in water, and is found soft, and at the same time 
Mrong The saturated astringent infusions of barks 
contain much less extractive matter in proportion to 
the tannin, than the weak infusions ; and when skin 
is quickly tanned in them, common experience shews 
that it produces leather less durable than the leather 
slowly formed. 

« Besides, in the case of quick tanning by means of 
infurions of barks, a quantity of vegetable extractive 
matter is lost to the manufacturer, which might have 
been made to enter into the composition of this leather. 
These observations shew, that there is some foundation 
for the vulgar opinion of workmen, concerning what 
is technically called the feeding of leather in the slow 
method of tanning ; and though the processes of the 
art may in some cases be protracted for ati uuuec^«»^v 
kngth of time, yet, in genera\) \\\^7 vp^^^\ \a \!« 
arrived, in consequence of re\>e^\ft^ ^t^c<\':.'^V ^^\*» 
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meats, at a degree of perfection which cannot be tery 
far extended by means of any elucidations of theory 
that have as yet been known." 1 

It was first suspected by Sir Joseph Banks, and af* 
terwards confirmerj by the expennients of Professor 
Dayti that a substance called catechu or terra JafiotdcO) 
brought from the East Indies contained a vast quantif 
ty of tannin ; so much so that it far excels every other 
known substance in this respect. One pound of catechu 
contains as much tannin as eight or ten pounds of com* 
men oak bark« and would consequently tan proportion- 
ately as much more leather. It is an exti*act made 
from the wood of a species of mimosa, dy dccoctioa 
and subsequent evaporation. 

Oak bark being a veVy expensive anicle in the pro- 
cess of tanning, various Substances have been proposed 
as substitutes for it. AJt\ the parts of vegetables which 
are of an astringent np^^u re, contain tannm (which may 
he known by their giving precipitates with gelatine, 
insoluble in water), and will unsAcr this purpose. The 
leaves, branches, fiuit, ilowcrs, of a vast nunibcr of 
plants ; every part of the oak, as the leaves and acorns, 
oak saw-dust, and the barks of almcitl all liccs, contain 
more or less tannin. 



CURRYLXG. 
Currying is the art of clressiiif^; row-hidcs, calves- 
skins, &c« The principal ol^ject iii il.is process, is lo 
soficn ar.d supple cow it;ul calfsUin-i, which a»e usually 
employed in nu-.kir.i; upper leathers aiui quarlersof shoes 
the covers of saddles, co.iches, &c. As soon as these 
skins are brought from t.^. tanner's yard, the curritr 
first soaks them for some lime in common water, when 
he takes them out, slrelches them on a smooth wooden 
horse, scrai^es oif with a fiaring-knifc i«ll the.supcilluus 
{Icsh, and immerses them ap;ain. They are next put 
on a wet hurdle, and trumpled with the heels, till ihcy 
lx5Come soft and vluut, v.hcn they are steeped in train- 
oil, and after warA^ ^vx^j^^iv^ qmX owV^x*^^ v«^slv, \>\>diheir 
ends ti^^hity secuvtd. 'V\\^\t.^\i^ uv^oxvs. Vk\ ^ tyxuwKvO. 
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(an instrument consistine of a thick piece of wood, the 
lower side of which is full of furrows, or teeth, cros- 
sing each other), the currier folds, squares, and moves 
the skins in various directions, to render them supple. 
Thb operation is pi-opcrly called currying ; andr with 
a few immaterial exceptions, is that now generally iol* 
lowed. 

After the skins are thus dressedt they are coloured^ 
black* white, red, green, Sec. which process is per- 
formed either on the Jleth or grain side ; that on the 
former, hy skinners^ and that on the grain or hair sidei 
by curriers ; these, when a skin is to be made white, 
rub it with chalk* or white-lead, and afterwards with 
pumice-stone. But, when a black colour is wanted, 
the ikin must be first oiled and dried, then passed over 
a puff, dipped in water impregnated with iron, when it 
is immersed in another water prepared with soot, vine- 
gar, and gum-arabic. Thus it gradually acquires a 
deep dye, and the operations are repeated till it becomes 
of a shining black. The grain and wrinkles, which 
contribute to the pliancy of calves and cows leather, are 
made by the reiterated fokls given to the skin in every 
direction, and by the great care taken to scrape off er- 
rj excrescence and hard place on the grain, or colour* 
side. 
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ABSORBEirrs, 306, 
Acetous fermentation, 266 

acid, 248, 266 

Acidulous gaseous mineral 
' waters, 330 

salts, 350 . 

Acids, 101, 191 

Affinity, 8 

Agate, 173 

Agriculture, 2T4 

Air, 66 

Albumen, 291, 297 

Alburnum, 285 

Alchemists, 3 

Alcohol, or spirit of wine, 

257 
Alembic, 99 
Alkalies, 150 
Alkaline earths, 151^ 173 
Alloys, 144 
Alum, or sulphat of alu- 

mine, 111, 203 
Aluraine, 171 
Amalgam, 146 
Ambergris, 335 
Amethyst, 173 
Amianthus, i77 
Ammonia, or volatile alkali, 

152, 160 
Amraoniacal gas, 163 
Analysis, 1 14 
Animals, 291 
Animal acid, 192, 298 . 

heat, 324 

oil, 332 

Animalization, 291, 301 
Antimony, 6, \36 



Aqua fortis, 208- 
— — regia, 142 
Areck, 261 
Argand's lamp^ 80 
Arsenic, 6 
Ashphtkum, 370 
AssMoedda, S4S 
Astringent prindplef 249' 
Ajtmosphere, 65 
Atmospherical sdr, 66 
Attraction of aggregatioiif 

or cohesion, 14 
——of compodtian, 6, 1 8 It 
Azote, or nitrogen) 206 
Azotic gas, 65 

B 

Balloons, 96 

Balsams, 333 
Bark, 204 
Barvtes, 165 
Basis of acids, 1Q2. 

gasses, 66 

salts, 152 

Beer, 255 

Benzoic acid, 192 

Bile, 291, 307 

Birds, 305 

Bismuth, d 

Bitumens, 270 

Black lead, or plumbagOh 

124 
Bleaching, 114, 223 
Block tin, 142 
Blood, 292 
Boiling water, 34 
Bombic acid, 1,93, 330. 
Bones, 292, 302 
Boracic acid, 190 
Btaiv<JY^ 265 
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Brass, 144 Civet, 3Sd ^ 

Biead, 273 Clay, 161 

Bricks, 162 Coak, 270 

Buiter, 3S4 Coal, 270 

Butter-milk, 334 Cobalt, 6 

C . Cochineal} 300 

Calcareous earths, 175 Cold, 18 

stones, 175 Cok>urs of metallic oxydji> 

Caloric, 13 13*^ 

Calorimeter^ 63 Columbium, 6> 146 

Camphor, 232 Combustible bodies, 7% 

Camphoric acid, 192 Combustion, 73 

Caoutchouc, 232 - ■ ■ — volatile product* 
Capacity for heat, 47 of, 76 

Carbonats, 22 1 ■ fixed products of 

Carbonat of ammonia, 162 76 

lime, 1 75 ■■— of amoniacal gas^ 

magnesia, 1 76 162 

potash, 154 by oxy-muriatic 

Carbonated hydrogen gas, acid, 22 

125 of carbone, 111 

Carbone, 111 of coals, 80. 

Carbonic acid, 117, 215 of charcoal by nitric 

Carburet of iron, 124 acid, 206 
Carmine, 300 of candles, 83 

Castor, 336 of iron, 130 

Cellular membrane, 309 of lamps, 80 

Caustics, 1 47 ol metals, 130 

Chalk, 175 of oils, 231 

Charcoal, 112 of oil of turpentine 

Cheese, 335 by nitrous acid, 183 

Chemical attraction, 6 of phosphorus, 105 

heat, 78 of sulphur, 100 

solution, 141 Compoiu)d bodies, 6 

Chemistry, 3 Compound, or neutral ialt% 
Chest, 306 152 . , . 

China, 1 62 Conductors of heait 27 

Chrome, 140* < Constituent parts, 5 - 

Chyle, 292, 307 Copper, 132 

Chyme. 306 CopaK 243 , 

Citric acid,^ 192 Cortical U^etv ^^ 

CirctiJaUoo of the blood ^07 Coi^Ic^dA) qi: \cio^^^ 

H h 2 ^ 
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Cream, 331 Evergreens, 28T 

Cream of tartar, or tartrit Eudiometerf lOS 

of potash, 250 Expansion of caloric* 14^ 

Crystals, 174 Extractive cokNiring roat« 

Crystallization, 141 ter» 233, 250 

Cucurbit, 90 F 

Curd, 334 Falling stones, US 

Ciuicle, or epidermis, 309 Fat» 125 

D Feathers* 304 

Decomposition, $ Fecu!a, 232 

of vegetables, 350 Fermentation, 306 

Deflagration, 230 Fibrinet 297 

Deliquescence, 29 1 Fish, 1 33 

Detonation, 89- Fixed air* or cartwnic acid,. 

Dew, 40 116, 2 •7 

Diamond, 115 alkalies, 151 

Diaphragm, 306 oils. 125, 23i 

Digestion, 305 products of combus*' 

Divellent forces, 186 tion, 80 

Dissolution of metals, 138 Flame, 90 

Distillation, 99 Flint, 176 

of red wine 260 Fluoric acid, 109 

Division, 5 Food of animals, 314 

Drying oils, 241 Formic acid 193 

Dyeing, 233 Fossil wood,' 271 

£ Free caloric, or heat of tem^ 

Earths, l64 perature, 12 

Earthenware, 173 Freezing mixture, 56 

Effervescence, 122 Frankincense, 243 

Efflorescence, 193 Friction, 62 

Elective attractions, 98 Frost,. 63 

Elementary bodies, 6 Fuller's earth, 110 

Elixirs, tinctures, or quint- G 

escenoes, 262 Galls, 204 

Enamel, l62 Gallat of iron, 204 

^pidermb of vegetables, Gallic acid, 192, 204 

284 Galvanic electricity, 135 

[>som salts, \T5 Gas, 66 

yiquilibrium of caloric, 18 Gaseous oxyd of carbone, 

^senccs, 281 nitrogen, 21 1 

"«ntialorYohtatoi\a, \^5 0^'sXm\\3M:^, ^92 
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Germination, 290 

Gin, 261- 

Glands, 307 

Glass, 157 

Glauber's salts* or sulphat 

sucia, 155 1 16 
Glazing, 162 
Glucirui, 164 
Glue, '293 
Gluten, 236 
Gold, 134 
Gam, 235 

arabic, 234 

resins, 232 
Gunpowder, 228 



Isinglass, 293 
Ivory Black, 30O 

K 
Kali, 264. 

L 
Lac, 336 
Laqtic acid, 173 
Lakes, colours, 33T 
Latent heat, S \ 
Lavender water, 23 1 
Lead, 136 
Leaves, 268 
Life, 231 
Ligaments, 206 
Light, 106 



Gypsum, or plaister of Pa- Lightning, 10 1 
ris, or sulphat of lime, Lime, 173 
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H 



Hair, 307 

Harrowgate water,. 104 
Hartshorn, 160 
Heart, 319 
Meat, 12 ' 

of temperature, 12 
Honey, 237 
Horns, 305 
Hydro carbonate, 125 
Hydrogen, 82 

gas,- 64 

Jasper, 173- 

Ice, 53 

Jelly, 293 

Jet, 270 

Igni fatui, lt)9 

Incombustible bodiei^ 160 

Ink, 204 

Insects, 132 

Integrant parts, 5 

Iridium> 6 



Lime water, 1 64 

Limestone, 163 

Linseed oil, 236 

Liqueurs, 262 

Liquids, 17 

Lobes, 279 

Lunar, caustic, or nitrat of 

silver, 147 
Lungs, 317 
Lymph, 306 
Lymphatic vessels, 306 

M ^ 
Magnesia, 164 
Malic acid, 192 
Mak, 254 
Manganese, 76 ' 
Manna, 2^5 
Manure, 874 
Marine acid, or muriatic a* 

cid, 222 
Mastic, 243 
Membrane, 292 
Mercury, 145 

M«t»l^\;<y&Y^^ ^'^ 



Mctals»«;i9» ofvitrioli fimi^iianc 

Mica, 175 Gid« 195 

Milk, 3^2, SSI OGre oil, *282 

Mineral addsi 192 Osminiiit 6 

Moljbdeu. 6 OuEc add, 193 

Mortar, 175 Oxydof imiy 13* 
Blodlage, 339 of lead, 136 

Mucojs add. 193 Ozjgeii, 66 



add, or manoe a- Ozy-miirutic add, 338 
dd, 190 Qzy-muriats, 338 

Muriat of ammonia, 160^ Ozf-muriat ii potash, 33ft 

227 - P 

of aoda, or commoD ah, PaOadiiiim * 
333 PapiD's digester, 395 

Muscles of animals, 306 P^ocli]rms» 379 
Musk, S36 PMuiasb, 154 

Mjrrh, 343 Peat* 370 

N Perfumes, 334 

Naphtha, 370 Perspiratioii, 293 

Nenres, 303 Peppermict water, 38 1 

Neutral, or compound sails, Pewter, 144 
152 Pharmacy, 3 

Nickel, 6 Phosphat of lime, 205 

Nitre, ornitrat of potash, or Phosphorated hydrogen 

salt petre, 300 gas, 109 

Nitric acid, 205 Phosphoric acid, 305 

Nitrogen, or azote, 66 Phosphorous acid, 191 

gas, 66 ,^^ Phosphor OS, 105 

Nitro-miiriatic acid, or aqiia Phosphoret of lime, 1 lO 

regia. 225 of sulphur, 1 10 

Nitrous acid gas, 210 Pitch, 232 

Nitrat of ammonia, 212 Platina, 136 
of potash, or nitre, or salt t'lating, 145 
petre, 208,214 Plumula, 280 

ofsilver, or lunar caus- Porcelain, 176 
tic, 215 Potash, 15l 

Nii^- galls, 205 Prussiat of iron, or prussian 

Nui oil, 236. blue, i94 

O Prussic acid, 1 93 

'^'^.lires, 182 Putrid fermenution, 336 

'/amber, 271 P^«u^s,2Q4 
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Fyrometer, 15 

Q 

Quick lime, 175 
Quiescent forces, 186 

R 
Radiation of caloric, 32 
Radical, 153 
Radicle, or root} 280 
Rain, 39 

Rectification, 361 
Reflection of caloric^ 25 
Resins, 233 
Respiration, 316 
Rhodium, 6 
Roasting metalsi 130 
Rum, 265 

S 
Saccharine fermentation, 

260 
Sal ammoniac, or^ulphat of 

ammonia, 160 
*— -polychrest, or salpbat of 

potash, 201 
-—volatile, or carbonat of 

ammonia, 163 
Saltpetre, or nitre, or nitrat 

of potash, 159 
Salt, 212 . 
Sap of plants, 333 
Sapphire, 163 
Saturation, 38 
Sebacic acid, 193 
Secretions, 307 
Seltzer water, 123 
Siiex, or silicia, 1 64 
Silk, 336 
Simple bodies, 5 
Size, 308 
Skin, 293 

Smelting metals, 130 
Smoke, 80 
Soap; ISA 



Soda» 151, 159^ 

water, 132: 

Soils, 175 
Soldering, 145 
Simple solution, 141 
Specific beat, 48, 13- 
Spermaceti, 335 
Spirits, 266 
Steam, 39 
Steel, 130 
Stucco, 176 
Strontites, 165 178 
Suberic acid, 193 
Sublimation, 99 
Succio, or yellow amber^ 

370 
Succinic acid, 193 
Sugar, 332 
——of milk, 334 
Sulphats, 201. 
Super-oxygenated sulphur^ 

ic acid; 195 
Sul^hat of alumine, or alum. 

203 
Sulphat of barytes, 163 

■—of iron, 153 

■ of lime, or gypsum, 
or plaster of Paris, 303 
—>-— of magnesia, or Epsom, 
salt, 177 

of potash, or sal poly*^ 
chrest, 301 

of soda, or Glauber^s^ 
salts, 176, 186 
Sulphur, 98 
Sulphurated hydrogen gas>. 

109 
Sulphurous acid, 103 
Sulphuric acid, 103 
Sympathetic ink, U9> 
Synthesis, 114 
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Ta «46 Vdm. 516 

TaBoifk 2:2 Vcn!ig;n^ 149 

T^. 23: Vmoos feftnentitiooy 956 

TanaratB icid» 19S \lalair,or oacjgen gas, 77 

Tartrit of pocashi 254 Mmol, or wi^it of iroo. 

Teeth, S9S 15*2 

Tcfiuriom* 6 U 

Th c r mom etcrii 17 UadecompooDdcd addi^ 

Thnmkr, 9t 190 

Tb, 145 UnBianm6 

Tltmraniy 6 \^ 

Tmi, 271 Water, 86 

Turpeotine, 253 Wu, 555 

TraigpintfionofplanUi 291 Whey, 554 

Tungsten, 6 Wine, 259 

V T 

Vapour, 67 Teast, 556 

Vanushes, 195 Yttria, 164 
Vegetables, 252 Z 

Vegetable acids, 252 Zinc, 156 

■ ■ c olours, 228 Zircooia, 164 

——beat, 195 Zoooicacid^ 195 
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